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Abstract
Background: The detection of a pathogenic variant in the BRCA1 or BRCA2 gene has medical and
psychological consequences for both, affected mutation carriers and their relatives. This study analyzed
the psychological impact of genetic testing and mutation-positive test result as well as associated family
communication processes from the perspective of BRCA1 or BRCA2 mutation carriers and their family
members.

Methods: We conducted a two-phase study with explanatory sequential mixed methods design to
understand the perspective of psychological process regarding genetic testing more e�ciently. First, we
analyzed a survey data of 79 carriers of a BRCA1 or BRCA2 mutation. Second, we conducted focus group
interviews of 10 family members to deepen understanding of communication processes in high-risk
families.

Results: The average age of the BRCA1 or BRCA2 mutation carriers was 48 years, 58% had a history of
cancer. The majority (64.6%) had general psychological distress independent of cancer diagnosis in the
patients’ history. The point prevalence of depression was 16.9%. The main motives for undergoing
genetic testing were desire for safety, prevention and risk assessment for the own children. The mutation
carriers were satis�ed with the decision to undergo genetic testing. Contrary to their subjective perception,
the respondents' knowledge about those mutations was moderate. The familial communication was
merely partially successful. In contrast to the high rate of disclosure to at-risk relatives (100%), the
reported uptake of genetic testing among informed at-risk relatives was low (45.6%). In-depth focus group
interviews with 10 family members revealed signi�cant barriers to accessing genetic counseling including
anxiety, uncertainty about the bene�ts of testing and the own cancer risk, particulary among males.

Conclusion: The detection of a BRCA1 or BRCA2 mutation has psychological impact not only on
mutation carriers but also on their family members. An adequate knowledge of the genetic background is
required to reduce the level of psychological distress and to support the familial communication process.
Therefore, the quality of information sources for affected individuals and relatives and also the
awareness of health care professionals have to be improved.       

Background
Approximately 30% of all breast cancer patients have a family history of cancer (1). About 5–10% of all
breast cancers are hereditary, mostly resulting from pathogenic variants in the tumor suppressor genes
BRCA1 or BRCA2 (2, 3). Genetic testing is indicated if a family history of cancer implies an elevated risk
of a BRCA1 or BRCA2 mutation (4) and aims to prevent the carcinogenesis through intensi�ed screening
programs or prophylactic surgeries (5, 6).

In addition to medical consequences, the detection of a mutation in a cancer predisposing gene also has
psychosocial impact. It can be perceived as a psychological burden (7, 8) not only resulting from
uncertainties and fears concerning the own life plans, but also from the responsibility to inform relatives
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about their individual risk to carry the same mutation and its associated cancer risks (9). In order to being
able to advise family members, a mutation carrier has to understand the test result and its clinical
consequences. Thus, knowledge about the gene alteration signi�cantly in�uences the process of
disclosing a pathogenic test result to relatives (10–12). In particular, uncertainties about the family’s risk
can be a barrier in the communication process (13), whereas valid knowledge about the gene alteration
may enhance family communication (14). Moreover, different family patterns can have impact on family
communication, for instance the presence of a family history of cancer, the quality of relationships with
family members (9, 10, 13, 15–18) as well as the communication style within a family (15, 19, 20).
Furthermore, emotional barriers might be observed, for instance the mutation carriers’ desire to protect
relatives from the psychosocial distress associated with that hereditary cancer risk (20). In addition, there
might be a discrepancy in the communiciation frequencies with male and female relatives (16), thus
partially underestimating the relevance for males (21, 22). In conclusion, the disclosure of familial cancer
risk to relatives is in�uenced multifactorially. However, the subsequent uptake of predictive BRCA1 or
BRCA2 testing by relatives at-risk is also dependent on sociodemographic, economic, and psychosocial
variables on the family members’ side (23, 24). In this study we investigated factors how the disclosure of
genetic test results to family members at risk by BRCA1 or BRCA2 mutation carriers in�uences the uptake
of consecutive genetic testing.

Methods
A two-phase study with explanatory sequential mixed methods design (25) was conducted including a
quantitative study phase (10-page questionnaire) with BRCA1 or BRCA2 mutation carriers and a
qualitative study phase (two focus group interviews) with relatives and partners. Ethical approval was
obtained from the board of the medical ethics committee of Hamburg (number: PV6060).

Quantitative study part: Questionnaire survey

Participants and methods

Between February 2016 and August 2019 870 patients had undergone genetic testing at the University
Center of Hereditary Breast and Ovarian Cancer. A pathogenic variant in the genes BRCA1 or BRCA2 was
found in 129 cases (15%), which were recruited for the study. Inclusion criteria were knowledge of the
German language, age of 18 years, and agreement to receive questionnaires for scienti�c purposes (n = 
111). A total of 79 respondents answered the questionnaire completely, resulting in a response rate of
71.1% (Fig. 1).

Variables and instruments

The questionnaire included sociodemographic items, mutation carriers’ history of cancer as well as the
family history of cancer. Furthermore, the psychological well-being of mutation carriers was explored by
validated instruments: distress via the NCCN Distress Thermometer (26), depression via the Patient
Health Questionnaire-9 (PHQ-9) (27), anxiety via the Generalized Anxiety Disorder-7 (GAD-7) (28) and
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health-related quality of life via the Short Form-12 (SF-12) (29). Furthermore, questions regarding genetic
testing were asked: reasons for genetic testing via an eight validated item scale (30), satisfaction with the
decision to undergo genetic testing via the Satisfaction with Decision Scale (SWD Scale) (31), the
psychological impact of genetic testing via the Impact of Event Scale (IES) (32) and the knowledge about
the genetic alteration via the Breast Cancer Genetic Counseling Knowledge Score (BGKQ) (33). Based on
scienti�c research, nine questions were developed for communication with family members and six
questions regarding the information and support needs of mutation carriers.

Statistical analyses

Descriptive statistics were calculated to present demographic characteristics. Relative frequencies and
means (M) including standard deviations (SD) were calculated. For subgroup analysis of two
independent groups, nonparametric inferential statistical test procedures (Mann-Whitney U test) were
performed. A p-value of less than 0.05 was regarded as statistically signi�cant. All analyses were
performed using Statistical Package for the Social Sciences (IBM SPSS Statistics version 25, IBM
Corporation, Germany).

Qualitative study part: Focus group interviews

The objective of the qualitative survey was to gain a more in-depth understanding of communication
processes in families with hereditary cancer predisposition and to identify needs on the part of family
members of mutation carriers. For this purpose, two semi-structured focus group interviews were
conducted within a group of 10 family members of BRCA1 or BRCA2 mutation carriers: 6 relatives (4
female, 2 male) and 4 partners (1 female, 3 male) in August 2020. The interview guide for the focus
groups was developed based on our research questions:

Assess experience of genetic testing:

How did you �rst learn about the gene mutation and the familial risk?
How did you experience the genetic testing of your family member?

Explore communication process:

How did your family deal with and communicate about the issue?
What consequences and challenges have you experienced?

De�ne changing points to optimize communication:

What can be done to encourage uptake of genetic testing by family members at risk?

The interviews lasted 60 minutes. The complete interviews were audio-recorded with the participants’
consent. The data were anonymised and thematically transcribed by two research members (AP and CB).
The �nal transcripts of 30 pages were analyzed using MAXQDA20 software (VERBI GmbH, Berlin,
Germany) and following the concept of content analysis (34). Two team members (AP and CB)
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discussed and independently coded the transcripts. Most of the categories showed high consistence. We
used all information of the transcripts for the intent analysis.

Results
Quantitative study part

Sample characteristics

The mean age of respondents was 48 years (range 21–77) and the sample consisted of mostly female
participants (84.8%), living in a relationship (75.9%), with at least one other person in the household
(86.1%), and at least one child (72.2%). Most respondents reported having at least one sibling (83.5%).
Regarding educational status, the majority of respondents had a higher education level (62.0%). More
than half of the mutation carriers had a history of cancer (58.2%). Of these, breast cancer was the most
common, followed by ovarian cancer (Table 1). Table 1 presents further sociodemographic
characteristics of the study sample.
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Table 1
Sociodemographic and clinical characteristics of the sample

Sociodemographic and clinical characteristics n (%) Cumulated %

Gender    

Female 67 (84.8) 84.8

Male 12 (15.2) 100

Marital status    

Married 48 (60.8) 60.8

Committed partnership, unmarried 12 (15.2) 75.9

Single 10 (12.7) 88.6

Divorced or separated 7 (8.9) 97.5

Widowed 2 (2.5) 100.0

Living situation    

With other persons 68 (86.1) 86.1

Alone 11 (13.9) 100.0

Children    

No children 22 (27.8) 27.8

1 child 23 (29.1) 57.0

2 children 26 (32.9) 89.9

> 2 children 8 (10.2) 100.0

Of these minors (< 18 years) 36 (63.2)  

Siblings    

No siblings 13 (16.5) 16.5

1 sibling 35 (44.3) 60.8

2 siblings 22 (27.8) 88.6

> 2 siblings 9 (11.4) 100.0

At least 1 sister 45 (57.0)  

At least 1 brother 36 (45.6)  

Graduation (school)    

Lower school-leaving quali�cation 29 (36.7) 37.2
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Sociodemographic and clinical characteristics n (%) Cumulated %

Higher educational level 49 (62.0) 100.0

Missing 1 (1.3)  

Professional career    

Apprenticeship, Bachelors Degree 44 (55.7) 55.7

University, technical college 29 (36.7) 92.4

Other 6 (7.6) 100.0

Work situation    

Employed 49 (62.0) 62.0

Not employed 18 (22.8) 84.8

Other 12 (15.2) 100.0

History of cancer    

Yes 46 (58.2) 58.2

No 33 (41.8) 100.0

Tumor entities    

Breast cancer only 27 (58.7) 58.7

Ovarian cancer only 11 (23.9) 82.6

Breast and ovarian cancer 4 (8.7) 91.3

Breast and additional cancer 2 (4.4) 95.7

Other cancer entity 2 (4.4) 100.0

Table 1

In 86.1% of participants, there was a family history of cancer, with an average of 2.79 (SD = 1.64) tumor
cases per family. The most frequently affected relatives were mothers (55.7%), aunts (38.0%),
grandmothers (35.4%) and fathers (24.1%). There was a prevalence of breast cancer in 70.9%, of ovarian
cancer in 29.1%, of prostate cancer in 16.5% and of colorectal cancer in 12.7% of families (Table 2).
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Table 2
Descriptive statistics of family history of cancer

Characteristics n (%)

Family history of cancer  

Yes 68 (86.1)

No 11 (13.9)

Family members with cancer  

Mother 44 (55.7)

Father 19 (24.1)

Sister 10 (12.7)

Brother 6 (7.6)

Aunt 30 (38.0)

Uncle 12 (15.2)

Cousin (female) 13 (16.5)

Cousin (male) 0 (0.0)

Grandmother 28 (35.4)

Grandfather 7 (8.9)

Tumor entities *  

Breast Cancer 56 (70.9)

Ovarian Cancer 23 (29.1)

Colorectal Cancer 10 (12.7)

Prostate Cancer 13 (16.5)

Note. * refers to the general presence of a speci�c tumor entity within a family. It is possible that
several family members were affected by this type of cancer.

Table 2

Psychological well-being of mutation carriers

Table 3 shows psychological variables of BRCA1 or BRCA2 mutation carriers concerning distress,
depression, anxiety and health-related quality of life. Measured by NCCN Distress Thermometer (cut-off
≥ 5), 64.6% of participants had general distress (n = 51, M = 5.37, SD = 2.3, Table 3). No difference in
psychological distress was found between participants without and with a history of cancer (69.7% vs.
60.9%, p = 0.423, Table 3). The point prevalence of depression (PHQ-9, cut off ≥ 10) was 16.9% (n = 13,
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Table 3). Only a minority of participants had moderate or severe depressive symptoms (14.3% or 2.6%,
respectively) (Table 3). History of cancer was not associated with severity of depression (p = 0.473, data
not shown). Measured by GAD-7, mild or moderate anxiety symptoms were present in 47.4% (n = 37) and
severe anxiety symptoms in 2.6% (n = 2) of participants (Table 3) with no difference regarding history of
cancer (p = 0.696, data not shown).

Table 3
Variables of psychological well-being

Variables n (%) M (SD)

NCCN *    

No 28 (35.4)  

Yes 51 (64.6)  

Distress, population without cancer 23 (69.7)  

Distress, population with a history of cancer 28 (60.9)  

PHQ-9 **    

No

Yes

64 (83.1)  

13 (16.9)  

0–4 minimal 33 (42.9)  

5–9 mild 31 (40.3)  

10–14 moderate 11 (14.3)  

15–19 moderately severe 0 (0)  

20–27 severe 2 (2.6)  

GAD-7  

0–4 minimal 39 (50.0)  

5–9 mild 30 (38.4)  

10–14 moderate 7 (9.0)  

15–21 severe 2 (2.6)  

SF-12 ***      

Physical domain   46.96 (10.11)

Mental domain   47.66 (10.09)

Note. * Cut-Off ≥ 5 Distress, ** Cut-Off ≥ 10 Major Depression; *** In comparison, the norm means of
41- to 50-year-olds in the general population (1994) were M = 50.15 (SD = 7.93) for the physical
domain and M = 52.24 (SD = 7.79) for the mental domain.
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There was a deviation of about one standard deviation in the health-related quality of life (SF-12) in the
physical and mental domain compared with the norm mean values of 41- to 50-year-olds in the general
population which means slight restrictions in the daily functional level of participants (35) (Table 3).

Table 3

Genetic testing

Measured by an eight validated item scale main reasons for undergoing genetic testing were desire for
safety, prevention and risk assessment for the own children (Table 4). Satisfaction with the decision
(SWD) to undergo genetic testing was high (Table 4).
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Table 4
Analyzed factors of genetic testing

Genetic testing M (SD) n (%)

Reasons to attend genetic counseling *    

To obtain certainty 4.49 (0.94)  

To be able to take preventive actions 4.40 (1.02)  

To estimate the risk for my children 3.77 (1.56)  

To help science 3.18 (1.40)  

Requested by a family member 2.19 (1.42)  

General planning for the future 2.73 (1.48)  

Family planning 1.68 (1.27)  

Other 1.52 (1.39)  

Satisfaction with decision to undergo genetic testing *    

Sum score ** 27.27
(4.19)

 

I am satis�ed that I am informed about the issues important to my
decision.

4.60 (0.74)  

The decison I made was the best decision possible for me personally. 4.56 (0.68)  

I am satis�ed that my decision was consistent with my personal values. 4.61 (0.74)  

I expect to successfully carry out the decision I made. 4.53 (0.88)  

I am satis�ed that this was my decision to make. 4.52 (0.95)  

I am satis�ed with my decision. 4.56 (0.86)  

Impact of Event Scale (IES) ***    

≥ 25 Inconspicuous   47 (59.5)

26–43 Moderate impact   24 (30.4)

> 43 Severe impact   8 (10.1)

Subjective perception of own knowledge *    

Informed about the signi�cance of genetic testing 4.51 (0.72)  

Informed about advantages and disadvantages 4.25 (0.78)  

Informed about the test procedure 4.24 (0.96)  

Informed about the risks of genetic testing 3.86 (1.21)  
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Genetic testing M (SD) n (%)

Informed about the test results 4.47 (0.62)  

Informed about the consequences for relatives 4.22 (0.97)  

Objective knowledge (Breast Cancer Genetic Knowledge Counseling Score,
BGKQ)

  Median

(Min-
Max)

Correct answers **** 16.47
(5.08)

18 (1–
26)

Note. * These items could be answered from 1 “absolutely not agree” to 5 “totally agree”; ** Sum
Score of SWD Scale: Maximum of 30 is equivalent to full satisfaction with undergoing genetic testing;
*** Impact of Event Scale measures the subjective distress related to a speci�c event such as genetic
testing; **** A total of 27 items had to be answered.

The subjective distress related to genetic testing (IES) showed an inconspicuous result in 59.5% (n = 47),
a moderate impact in 30.4% (n = 24) and a severe impact in 10.1% (n = 8) of participants (Table 4).
Psychosocial support because of genetic testing and related concerns was used by 41.8% (n = 33) of
respondents, in particular psychosocial counseling services (20.5%, n = 16), psychotherapy (16.5%, n = 13)
as well as internet forums with other affected individuals (16.5%, n = 13). Especially psychotherapy and
psychosocial counseling services were perceived as helpful. Overall, BRCA1 or BRCA2 mutation carriers
felt well to very well informed about the purpose of genetic testing, the test result and the impact for their
family (Table 4). Further information needs were expressed through individual comments and related
mainly to the following topics: ovarian cancer, prophylactic and preventive measures, life after
prophylactic surgery and concrete instructions for follow-up. The objectively measured knowledge
(BGKQ) about the gene alteration was moderate. On average, M = 16.47 (SD = 5.08) of 27 items (Median 
= 18, Minimum = 1, Maximum = 26) were answered correctly (Table 4). The results of items regarding
genetic testing are presented in Table 4.

Table 4

Communication about mutation detection within families

All respondents informed at least one family member about the detection of a mutation and 72.2% (n = 
57) encouraged at least one relative to undergo predictive genetic testing. A recommendation to genetic
testing was �nally followed in 45.6% (n = 26) of the families. The familial communication process and
following genetic uptake are summarized in Fig. 2. Most frequently, the sister (88.9%, n = 40) was
informed about the gene alteration (Table 5). The brother was informed by 75.0% (n = 27) of participants.
Overall, in each comparable group, communication about the mutation detection was more frequent with
female than with male relatives. Furthermore, 64.9% (n = 37) of respondents informed their children about
the gene alteration (Table 5).
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Table 5
Communication partners within families

Communication
partners

n (%) Total n

Child 37 (64.9
*)

57

Mother 37 (46.8) 79

Father 28 (35.1) 79

Sister 40 (88.9
*)

45

Brother 27 (75.0
*)

36

Aunt 20 (32.2
*)

59

Uncle 9 (17.6 *) 51

Cousin (female) 23 (29.1) 79

Cousin (male) 3 (3.8) 79

Note. * Percentage in relation to total frequency

Table 5

The majority (57.0%, n = 45) informed their relatives immediately after receiving the test result or one or
two days later (36.7%, n = 29). Further discussions also took place after seven to ten days (24.1%, n = 19)
or after weeks or months (25.3%, n = 20).

Qualitative study part

The in-depth focus group interviews with six relatives and four partners were evaluated. Participating
family members had become aware of genetic testing either through a history of cancer of a (female)
family member or through their own cancer disease. In general, all families communicated about the
detection of a pathogenic variant and in most cases the possibility of predictive testing was mentioned.
Finally, family members responded differently to familial predisposition to cancer: Fact-oriented reactions
concerning the familial BRCA1 or BRCA2 mutation were observed in individuals with an own history of
cancer. They described a process of adaptation which was the result of continuous confrontation with
oncological diseases within a family. Contact to health care professionals, intensi�ed follow-up,
screening programs and prophylactic surgery for mutation carriers have made it possible to develop
feelings of security, control and self-e�cacy. Anxious-avoidant reactions were described by relatives who
experienced particularly severe cancer cases in their family or who were unprepared to learn about the
familial genetic disposition, both resulting in an information processing under fear. Strong feelings, e.g.
feeling helpless, distressed or overwhelmed had been intensi�ed by the lack of detailed information,
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leading to the avoidance of genetic counseling. Emotionally-distant reactions were observed in relatives
who were informed about the genetic predisposition during cancer diagnosis and treatment of a family
member. In this acute stress situation, family members considered their own predictive testing a lower
priority. Together with an uncertainty who to contact for further information, they paid less attention to
the own risk and the possibility of having predictive testing.

From the relatives’ perspective the main arguments for undergoing predictive genetic testing were gaining
certainty, access further information and screening programs in case of a pathogenic test result. The
main reasons against undergoing predictive genetic testing were young age (< 25 years), fear of the
burden associated with a pathogenic test result, family con�icts as well as uncertainty concerning the
clinical relevance of testing and the own risk, especially among male relatives. Relatives who had already
been tested emphasized that the genetic testing itself had been less challenging, whereas the previous
process of decision-making had been emotionally stressful, especially because of uncertainties due to a
de�ciency of valid information. It was highlighted that family members only got �ltered and subjective
information about predictive testing through an oncological affected person.

Discussion
In this study, we have shown that BRCA1 or BRCA2 mutation carriers have high levels of psychological
distress irrespective of a history of cancer. Although participants of this study felt well-informed about
genetic testing, their objectively tested knowledge was moderate. Test results were frequently forwarded
to relatives at risk. However, only a minority of informed relatives took the offer of predictive testing. Male
family members are less likely to be integrated into communication processes.

In line with previous research (7, 8, 36), our results from the NCCN Distress Thermometer, PHQ-9 and GAD-
7 demonstrated signi�cant psychological distress among BRCA1 and BRCA2 mutation carriers,
independent of a history of cancer. In a cross-sectional study by Walker et al., the point prevalence for
depression in breast cancer patients was 9.3% (95% CI, 8.7–10.0%) (38), whereas the point prevalence for
major depression in our sample of mutation carriers was 16.9% (n = 13). Mella et al. observed even higher
anxiety and depression levels in BRCA1 or BRCA2 mutation carriers without cancer than in diseased
individuals (39). These research �ndings demonstrate that the detection of a mutation can cause cancer
fear and lead to psychological distress (8, 36).

The complex nature of genetic information can make it di�cult to understand and remember it correctly
(33, 40), resulting in limited knowledge of mutation carriers (10, 40). Lerman et al. found that only 55% of
11 items concerning the gene alteration were answered correctly (41). Similarly, in our study, an average
of 61% of 27 BGKQ-items were answered correctly. The discrepancy between such limited knowledge and
feeling (very) well informed about the mutation has impact on disclosing genetic information to relatives
and ultimately on their risk perception. Previous research showed that poor understanding and
associated uncertainties about the gene alteration, in particular concerning empirical propabilities (12,
42), made it di�cult to communicate with family members (11, 13).
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Taken together, the use of a screening method (for instance, the NCCN Distress Thermometer) during
genetic counseling would enable to identify vulnerable individuals and to offer them psychosocial
support as well as adjusted information. Considering the fact that mutation carriers used frequently
psychosocial support and perceived it as helpful, it might be bene�cial to extent offers also to relatives at
risk.

The strenghts of this study included the comprehensive assessment of psychological well-being of
mutation carriers through four different instruments. We further compared mutation carriers with and
without a history of cancer. By using a two-phase study design, we were able to analyze the topic of
genetic testing e�ciently and to gain a deeper insight into the mutation carriers’ and their relatives’
perspective.

A limitation of this study is its’ retrospective design, thus the time of genetic testing and detection of a
pathogenic mutation differed among the study participants. This may have led to a bias in the analysis.
Although the presence of psychological distress due to the detection of a mutation is plausible, it should
be noted that no causal relationship between psychological distress and genetic testing could be proven
in this study. Other factors (for instance, socioeconomic, health-related, family-related) may also be the
reason for respondents' decline in psychological well-being. However, the values of the Impact of Event
Scale indicate that genetic testing can cause emotional distress, at least for a signi�cant percentage of
BRCA1 or BRCA2 mutation carriers. Nevertheless, most mutation carriers were very satis�ed with the
decision of undergoing genetic testing. Another limiting factor in our analysis was that men and women
were included in the study population, however, middle-aged women were overrepresented, equivalent to
previous studies on genetic testing (39, 43). This could also have led to a potential underrepresentation of
gender-based aspects. Further studies should focus on the situation of male BRCA1 or BRCA2 mutation
carriers or on the situation of mutation carriers in other hereditary diseases (e.g. familial colorectal
cancer). It should also be mentioned that a relevant number of children of the participants were minors,
which may have had an impact on the low uptake rate of predictive genetic testing.

The different situation of mutation carriers with and without a history of cancer was considered by
separate analysis and comparison of the groups. Nevertheless, even among affected individuals, the
severity of cancer diagnosis and its treatment was different, which may also have an impact on
psychological distress of the respondents and thus the representativeness of the data. Mutation carriers
express the need for comprehensive information and supportive consultations with health care
professionals (44). The latter should be aware of this phenomenon in order to communicate in a
comprehensible and clear way.

Conclusion
The main �nding of our study is that genetic testing is associated with psychological distress and
moderate knowledge of genetic test meaning by mutation carriers. To improve the understanding of the
genetic testing a closer look is needed at the psychological aspects of relatives especially without a
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cancer diagnosis and mostly males. The involved health care professionals need to be aware of the
psychological distress and to be able to manage it, as well as they should ensure that affected
individuals gain a profound understanding of the hereditary cancer predisposition.

Declarations
Contributions: Ethical approval was obtained from the board of the medical ethics committee of
Hamburg (PV6060, 18.6.2019).

Consent for publication: Not applicable.

Availability of data and materials: The datasets used and/or analysed during the current study are
available from the corresponding author on reasonable request.

Competing interests: I.W. has no con�ict of interest concerning the presented analysis, she received
speaker’s honoraria outside this work from Amgen, Astra Zeneca, MSD, Novartis, Pierre Fabre Pharme,
P�zer, Roche, Sano�-Aventis. All other authors declare that they have no competing interests.

Funding: The study was supported by a grant from the Claudia-von-Schilling-Foundation, Germany.

Authors’ contributions: Concept and design was done by IW, AV, LB and AP. Data collection was done by
CB. Statistical analysis was done by AP. Drafting of the manuscript was done by CB, AP, LB, AV, IW. All
authors contributed to the acquisition, analysis, and interpretation of the data and revision of the
manuscript. All authors read and approved the �nal manuscript.

Acknowledgements: We thank the staff members Stefanie Eßmann and Sandra Nesemann and the many
study participants for their contributions to this resource.

Authors’ information: Not applicable.

References
1. Rhiem K, Bucker-Nott HJ, Hellmich M, Fischer H, Ataseven B, Dittmer-Grabowski C, et al.

Benchmarking of a checklist for the identi�cation of familial risk for breast and ovarian cancers in a
prospective cohort. Breast J. 2019;25(3):455–60.

2. Arver B, Du Q, Chen J, Luo L, Lindblom A. Hereditary breast cancer: a review. Semin Cancer Biol.
2000;10(4):271–88.

3. Mahdavi M, Nassiri M, Kooshyar MM, Vakili-Azghandi M, Avan A, Sandry R, et al. Hereditary breast
cancer; Genetic penetrance and current status with BRCA. J Cell Physiol. 2019;234(5):5741–50.

4. Kast K, Rhiem K, Wappenschmidt B, Hahnen E, Hauke J, Bluemcke B, et al. Prevalence of BRCA1/2
germline mutations in 21 401 families with breast and ovarian cancer. J Med Genet.
2016;53(7):465–71.



Page 17/21

5. Beard VK, Bedard AC, Nuk J, Lee PWC, Hong Q, Bedard JEJ, et al. Genetic testing in families with
hereditary colorectal cancer in British Columbia and Yukon: a retrospective cross-sectional analysis.
CMAJ Open. 2020;8(4):E637-E42.

�. Ross LF, Saal HM, David KL, Anderson RR. American Academy of P, American College of Medical G,
et al. Technical report: Ethical and policy issues in genetic testing and screening of children. Genet
Med. 2013;15(3):234 – 45.

7. Croyle RT, Smith KR, Botkin JR, Baty B, Nash J. Psychological responses to BRCA1 mutation testing:
preliminary �ndings. Health Psychol. 1997;16(1):63–72.

�. Pasacreta JV. Psychosocial issues associated with genetic testing for breast and ovarian cancer risk:
an integrative review. Cancer Invest. 2003;21(4):588–623.

9. McGivern B, Everett J, Yager GG, Baumiller RC, Hafertepen A, Saal HM. Family communication about
positive BRCA1 and BRCA2 genetic test results. Genet Med. 2004;6(6):503–9.

10. Blandy C, Chabal F, Stoppa-Lyonnet D, Julian-Reynier C. Testing participation in BRCA1/2-positive
families: initiator role of index cases. Genet Test. 2003;7(3):225–33.

11. Forrest K, Simpson SA, Wilson BJ, van Teijlingen ER, McKee L, Haites N, et al. To tell or not to tell:
barriers and facilitators in family communication about genetic risk. Clin Genet. 2003;64(4):317–26.

12. Vos J, Oosterwijk JC, Gomez-Garcia E, Menko FH, Jansen AM, Stoel RD, et al. Perceiving cancer-risks
and heredity-likelihood in genetic-counseling: how counselees recall and interpret BRCA 1/2-test
results. Clin Genet. 2011;79(3):207–18.

13. Finlay E, Stopfer JE, Burlingame E, Evans KG, Nathanson KL, Weber BL, et al. Factors determining
dissemination of results and uptake of genetic testing in families with known BRCA1/2 mutations.
Genet Test. 2008;12(1):81–91.

14. Cheung EL, Olson AD, Yu TM, Han PZ, Beattie MS. Communication of BRCA results and family
testing in 1,103 high-risk women. Cancer Epidemiol Biomarkers Prev. 2010;19(9):2211–9.

15. Koehly LM, Peterson SK, Watts BG, Kempf KK, Vernon SW, Gritz ER. A social network analysis of
communication about hereditary nonpolyposis colorectal cancer genetic testing and family
functioning. Cancer Epidemiol Biomarkers Prev. 2003;12(4):304–13.

1�. Claes E, Evers-Kiebooms G, Boogaerts A, Decruyenaere M, Denayer L, Legius E. Communication with
close and distant relatives in the context of genetic testing for hereditary breast and ovarian cancer
in cancer patients. Am J Med Genet A. 2003;116A(1):11–9.

17. Healey E, Taylor N, Greening S, Wake�eld CE, Warwick L, Williams R, et al. Quantifying family
dissemination and identifying barriers to communication of risk information in Australian BRCA
families. Genet Med. 2017;19(12):1323–31.

1�. Hughes C, Lerman C, Schwartz M, Peshkin BN, Wenzel L, Narod S, et al. All in the family: evaluation
of the process and content of sisters' communication about BRCA1 and BRCA2 genetic test results.
Am J Med Genet. 2002;107(2):143–50.

19. DeMarco TA, McKinnon WC. Life after BRCA1/2 testing: family communication and support issues.
Breast Dis. 2006;27:127–36.



Page 18/21

20. van Oostrom I, Meijers-Heijboer H, Duivenvoorden HJ, Brocker-Vriends AH, van Asperen CJ, Sijmons
RH, et al. Family system characteristics and psychological adjustment to cancer susceptibility
genetic testing: a prospective study. Clin Genet. 2007;71(1):35–42.

21. Hallowell N, Foster C, Eeles R, Ardern-Jones A, Murday V, Watson M. Balancing autonomy and
responsibility: the ethics of generating and disclosing genetic information. J Med Ethics.
2003;29(2):74–9. discussion 80 – 3.

22. Patenaude AF, Dorval M, DiGianni LS, Schneider KA, Chittenden A, Garber JE. Sharing BRCA1/2 test
results with �rst-degree relatives: factors predicting who women tell. J Clin Oncol. 2006;24(4):700–6.

23. Steffen LE, Du R, Gammon A, Mandelblatt JS, Kohlmann WK, Lee JH, et al. Genetic Testing in a
Population-Based Sample of Breast and Ovarian Cancer Survivors from the REACH Randomized
Trial: Cost Barriers and Moderators of Counseling Mode. Cancer Epidemiol Biomarkers Prev.
2017;26(12):1772–80.

24. Jones T, McCarthy AM, Kim Y, Armstrong K. Predictors of BRCA1/2 genetic testing among Black
women with breast cancer: a population-based study. Cancer Med. 2017;6(7):1787–98.

25. Creswell J, Plano Clark V. Designing and Conducting Mixed Methods Research. Thousand Oaks:
Sage publications; 2007.

2�. Mehnert A, Müller D, Lehmann C, Koch U. Die deutsche Version des NCCN Distress-Thermometers:
Empirische Prüfung eines Screening-Instruments zur Erfassung psychosozialer Belastung bei
Krebspatienten. Zeitschrift für Psychiatrie Psychologie Psychotherapie. 2006;54(3):213–23.

27. Kroenke K, Spitzer RL, Williams JB. The PHQ-9: validity of a brief depression severity measure. J Gen
Intern Med. 2001;16(9):606–13.

2�. Spitzer RL, Kroenke K, Williams JB, Lowe B. A brief measure for assessing generalized anxiety
disorder: the GAD-7. Arch Intern Med. 2006;166(10):1092–7.

29. Bullinger M. Erfassung der gesundheitsbezogenen Lebensqualität mit dem SF-36-Health Survey.
Bundesgesundheitsblatt - Gesundheitsforschung - Gesundheitsschutz. 2000;43(3):190–7.

30. Bleiker EM, Aaronson NK, Menko FH, Hahn DE, van Asperen CJ, Rutgers EJ, et al. Genetic counseling
for hereditary cancer: a pilot study on experiences of patients and family members. Patient Educ
Couns. 1997;32(1–2):107–16.

31. Holmes-Rovner M, Kroll J, Schmitt N, Rovner DR, Breer ML, Rothert ML, et al. Patient satisfaction with
health care decisions: the satisfaction with decision scale. Med Decis Making. 1996;16(1):58–64.

32. Horowitz M, Wilner N, Alvarez W. Impact of Event Scale: a measure of subjective stress. Psychosom
Med. 1979;41(3):209–18.

33. Erblich J, Brown K, Kim Y, Valdimarsdottir HB, Livingston BE, Bovbjerg DH. Development and
validation of a Breast Cancer Genetic Counseling Knowledge Questionnaire. Patient Educ Couns.
2005;56(2):182–91.

34. Mayring P. Qualitative Inhaltsanalyse. Handbuch qualitative Forschung: Grundlagen, Konzepte,
Methoden und Anwendungen. München: Beltz Psychologie Verl. Union.: U. Flick, E. v. Kardoff, H,
Keupp L v. Rosenstiel, & S. Wolff; 1991. p. 209–213.



Page 19/21

35. Morfeld M, Kirchberger I, Bullinger M. SF-36 Fragebogen zum Gesundheitszu stand: Deutsche Version
des Short Form-36 Health Survey. 2 ed. Göttingen: Hogrefe; 2011.

3�. Meiser B, Butow P, Friedlander M, Barratt A, Schnieden V, Watson M, et al. Psychological impact of
genetic testing in women from high-risk breast cancer families. Eur J Cancer. 2002;38(15):2025–31.

37. Walker J, Hansen CH, Martin P, Symeonides S, Ramessur R, Murray G, et al. Prevalence, associations,
and adequacy of treatment of major depression in patients with cancer: a cross-sectional analysis of
routinely collected clinical data. The Lancet Psychiatry. 2014;1(5):343–50.

3�. Walker J, Hansen CH, Martin P, Symeonides S, Ramessur R, Murray G, et al. Prevalence, associations,
and adequacy of treatment of major depression in patients with cancer: a cross-sectional analysis of
routinely collected clinical data. Lancet Psychiatry. 2014;1(5):343–50.

39. Mella S, Muzzatti B, Dolcetti R, Annunziata MA. Emotional impact on the results of BRCA1 and
BRCA2 genetic test: an observational retrospective study. Hered Cancer Clin Pract. 2017;15:16.

40. Bredart A, Kop JL, De Pauw A, Caron O, Fajac A, Nogues C, et al. Effect on perceived control and
psychological distress of genetic knowledge in women with breast cancer receiving a BRCA1/2 test
result. Breast. 2017;31:121–7.

41. Lerman C, Narod S, Schulman K, Hughes C, Gomez-Caminero A, Bonney G, et al. BRCA1 testing in
families with hereditary breast-ovarian cancer. A prospective study of patient decision making and
outcomes. JAMA. 1996;275(24):1885–92.

42. Young AL, Butow PN, Vetsch J, Quinn VF, Patenaude AF, Tucker KM, et al. Family Communication,
Risk Perception and Cancer Knowledge of Young Adults from BRCA1/2 Families: a Systematic
Review. J Genet Couns. 2017;26(6):1179–96.

43. Lombardi L, Bramanti SM, Babore A, Stuppia L, Trumello C, Antonucci I, et al. Psychological aspects,
risk and protective factors related to BRCA genetic testing: a review of the literature. Support Care
Cancer. 2019;27(10):3647–56.

44. Gaff CL, Clarke AJ, Atkinson P, Sivell S, Elwyn G, Iredale R, et al. Process and outcome in
communication of genetic information within families: a systematic review. Eur J Hum Genet.
2007;15(10):999–1011.

Figures



Page 20/21

Figure 1

Consort diagram Note. * includes tests with inconspicuous results, detection of other mutations, variants
of unclear signi�cance
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Figure 2

The familial communication process and following genetic uptake


