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Abstract
Objectives—Given the importance of the dissemination of accurate family history to assess
disease risk, we characterized the gatherers, disseminators, and blockers of health information
within families at high genetic risk of cancer.

Methods—A total of 5466 personal network members of 183 female participants of the Breast
Imaging Study from 124 families with known mutations in the BRCA1/2 genes (associated with
high risk of breast, ovarian, and other types of cancer) were identified by using the Colored Eco-
Genetic Relationship Map (CEGRM). Hierarchical nonlinear models were fitted to characterize
information gatherers, disseminators, and blockers.

Results—Gatherers of information were more often female (P<.001), parents (P<.001), and
emotional support providers (P<.001). Disseminators were more likely female first- and second-
degree relatives (both P<.001), family members in the older or same generation as the participant
(P<.001), those with a cancer history (P<.001), and providers of emotional (P<.001) or tangible
support (P<.001). Blockers tended to be spouses or partners (P<.001) and male, first-degree
relatives (P<.001).
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Conclusions—Our results provide insight into which family members may, within a family-
based intervention, effectively gather family risk information, disseminate information, and
encourage discussions regarding shared family risk.

Acquiring accurate information regarding familial disease risk is a key component of a
proactive approach to health care. This information is needed both to permit an accurate risk
assessment and to develop appropriate, cost-effective prevention and risk-reducing
management strategies.1-3 An increased disease risk based on family history has important
implications for screening,4 and often leads to intervention at an earlier age than usual,
increased screening frequency, modified surveillance recommendations, and the possibility
of referral for genetic services. Both behavioral and genetic risk factors tend to cluster
within families, which suggests that personalized risk information may have implications for
the entire family.5,6 Consequently, family-based efforts to collect and disseminate accurate
family health history and genetic risk information are warranted and require familial
cooperation in the gathering and disseminating process, as well as in reducing barriers to
information flow. Building upon the success of community-based interventions that utilize
lay health advisors or peer leaders,7-10 we hypothesized that family-based interventions may
be more effective if a family leader is integrated into the intervention efforts.

The challenge in developing these family-based approaches is identifying optimally
positioned family members who can facilitate gathering and disseminating family health
history and genetic risk information. Different family members may take on different roles
related to gathering and disseminating information. For example, the risk dissemination
literature suggests that women tend to take on the role of “kin-keepers,”11-16 who help to
maintain communication among family members, monitor family relationships, and
facilitate contact among family members.11,12 However, more specific information
regarding the characteristics of these disseminators is warranted, because the current
literature is sparse.

Individuals with deleterious BRCA1/2 mutations are effective in disseminating risk
information to both close and more distant family members.14,17-19 There is evidence that
genetic test results are disseminated to a large percentage (>75%) of at-risk family members.
20-22 In contrast, the literature suggests that the effectiveness of dissemination efforts in the
context of common disease risk23 or high-risk families with indeterminate genetic test
results14,24 (Ersig et al, unpublished data, 2009) is more limited; efforts to expand this reach
are vital to successful proactive health care. Because families with known BRCA1/2
mutations have been relatively effective in disseminating family health history and genetic
risk information, they provide an ideal model for identifying the individual and relational
characteristics of those persons within the family who play important roles in gathering and
disseminating family health information.25

In the present study, we sought to identify the characteristics of (1) gatherers, (2)
disseminators, and (3) blockers of health information flow within BRCA1/2 mutation-
positive families. Knowledge regarding the characteristics of persons central to these
processes should facilitate developing network-based interventions that use optimally
positioned family lay health advisors. Additionally, characterizing the persons who impede
the dissemination process will inform interventions that integrate blockers into the
information transfer process.

METHODS
The Breast Imaging Study is a 4-year, prospective cohort study of women from BRCA1/2
mutation-positive families. Eligible women were aged 25 to 56 years and had a known
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deleterious BRCA1/2 mutation, were first- or second-degree relatives of carriers of a
BRCA1/2 mutation, or were relatives of individuals with BRCA-associated cancers in
mutation-positive families. Participants were recruited between 2001 and 2007 from families
participating in a long-term prospective study of hereditary breast and ovarian cancer; from
self-referrals in response to media advertising in the Washington, DC, area; and from
nationwide referrals from physicians or genetic counselors. The current study considered the
personal networks of 183 participants from 124 families seen at the National Institutes of
Health. A study investigator obtained written and verbal consent for this protocol.

Procedures
Complete data were obtained from 183 of 200 participants who completed the Colored Eco-
Genetic Relationship Map (CEGRM) at their baseline evaluation (1 participant refused to
complete the CEGRM and 16 women could not be scheduled for baseline assessment). All
participants had received prior genetic education and counseling, and nearly all had
undergone clinical genetic testing, often several years before participating in the Breast
Imaging Study. During the baseline evaluation, participants underwent extensive medical
evaluations of the breasts and ovaries and completed the CEGRM.

The CEGRM (Figure 1) is a visual research tool for assessing social interactions between
study participants and their family members and friends.13 An investigator (J.A.P or L.M.H)
administered a 20- to 60-minute semistructured interview with a genetic pedigree as a
template.26,27 The participants added nonkin network members (nonbiological family,
friends, and coworkers) to their pedigrees. Thus, personal network members, or “alters,” as
they are referred to here, included biological family, non-biological family, and social ties.
For each alter, the participants indicated exchange of social support related to informational,
emotional, and tangible support domains by placing coded stickers onto the pedigree next to
the relevant individuals. Additionally, persons who played specific roles in the risk
communication process were further characterized by the placement of colored stars. The
specific communication roles considered included gatherers, disseminators, and blockers of
health information within the family. The CEGRM assessment process has been described in
detail in previous publications.13,26,27

In addition to these social support and informational roles, the characteristics of each person
represented on the CEGRM were also coded, including gender, pedigree generation relative
to the participant, cancer history, kinship relation to the participant, and whether the
individual was living or deceased. CEGRMs were scanned into digital images; social
exchange data were coded into databases by 2 of 3 investigators (N. R. K, A. L. E, and
L.M.H) for subsequent analyses (interrater reliability exceeded 0.96 for all coded variables).
The investigators’ handwritten comments on the CEGRM scripts were used to clarify
discrepancies in coding.

Measures
Three primary communication outcomes representing the health information roles of
personal network members were analyzed. “Gatherers” represented persons who searched
for new information about cancer or genetic testing; “disseminators” spread genetic and
cancer risk information to other family members and encouraged cancer risk discussions
with each other; and “blockers” indicated reluctance about learning or transmitting health
information regarding cancer and genetic risk. Information-gathering was added to the
CEGRM assessment as a separate category in February 2005.27

Both individual and relational characteristics of personal network members were considered
as predictors. Individual characteristics of interest included gender and personal cancer
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history. Relational characteristics between the respondent and the alter included social
support exchanges (e.g., tangible assistance and emotional support), kinship relation, and
generation (younger, same, and older). Because information regarding the age of social ties
(e.g., friends) was not collected, these personal network members were assumed to be in the
same generation as the participant.

Covariates considered included the number of participants per family, whether the family
was part of a historical cohort of BRCA1/2 families28 or was a newly recruited family from
the breast imaging protocol,29 and whether the personal network member was deceased at
the time of assessment.

Statistical Analyses
Descriptive statistics were constructed to characterize the study subjects and their personal
network members. Separate hierarchical nonlinear models were fitted to identify those
characteristics associated with the outcomes of health information gathering, disseminating,
and blocking within the family. Each participant’s personal network members and the
relationships involving these alters were analyzed.30 The alters included were first- and
second-degree biological relatives, spouses and partners, nonbiological family (e.g., step-
family, adopted family, and family through marriage), and social ties (e.g., friends,
coworkers) identified during the CEGRM construction. A total of 5466 alters were included
in the disseminator and blocker analyses; 4206 alters were considered in the gatherer
analysis, reflecting the addition of gatherers to the CEGRM in 2005. In addition to the main
effects of each predictor variable under consideration, interactions between gender,
generation, and kinship relation were also investigated.

Models were fitted by using HLM version 6.06.31 Because several families with multiple
participating family members were included in the analyses, we constructed and controlled
for dependence structures defined from exponential random graph models. These
dependence structures included the following: density (variability across families in the
proportion of network members gathering, disseminating, or blocking information within a
family); out-stars (variability across participants in the number of network members they
report as gatherers, disseminators, or blockers of information); and in-stars (variability in the
number of network members who are chosen as gatherers, disseminators, or blockers of
information within a family).32,33 A Wald statistic was computed on the basis of robust
standard errors and, given the large number of alters considered within these analyses, a type
I error of 0.01 was used to establish statistical importance.34 Astep-up approach was used to
fit the final models.35 Main effects and interactions that were not statistically significant
were not included in the final model. If an interaction was found to be statistically
significant, the component main effects were kept within the model even if they were not
statistically significant.

RESULTS
All participants were white women; 30% had a personal history of cancer and 85% were
carriers of a BRCA1/2 mutation. Seventy-three percent of the study participants were
married or were in long-term relationships. The participants’ ages ranged from 22 to 57
years, with a mean of 40 years (SD=9 years). Most had completed high school (97%) and
had pursued further education (91%).

Characteristics of Personal Network Members
Characteristics of the alters represented within the participants’ personal networks are
summarized in Table 1. Examination of alters involved in communication ties provided by
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different respondents from the same families indicated a 33% overlap in communication
ties. In other words, family members shared only a third of their communication ties with
each other.

Information Gatherer, Disseminator, and Blocker Characteristics
On average, each participant named 1 information gatherer (range: 0–9), 2 disseminators
(range: 0–12), and 1 information blocker (range: 0–5) within the family. Sixty-one percent
of the disseminators of health information were also labeled as information gatherers
(χ2(1)=176.00; P<.001). There were no significant associations between blockers and
gatherers (χ2(1)=2.33; P=.13) or between blockers and disseminators (χ2(1)=1.07; P=.30).
Theodds ratios and 99% confidence intervals for the final multilevel models are provided in
Table 2. Information gatherers tended to be females, study participants, providers of
emotional support, and parents (i.e., older first-degree relatives). Disseminators of health
information tended to be those who had a personal history of cancer, study participants,
providers of tangible assistance and emotional support, and female first- and second-degree
relatives. Blockers of information tended to be spouses or partners and male first-degree
relatives of study participants (adjusted odds ratio [AOR]=1.79; P<.01). Emotional support
providers and younger relatives, particularly young first-degree relatives, were unlikely to be
blockers of health information within the family system.

DISCUSSION
Our results define the important roles that family members play within the processes of
gathering and disseminating health information. Prior research suggested that genetic risk
information flows through first-degree relatives.16 Our current findings, however, refine and
highlight the differential roles that family members assume in family health information
gathering and dissemination. Parents were clearly of special importance in the gathering of
health information, because they are often the gate-keepers to the health information of older
and more distant family members for their children. Thus, interventions that focus on the
gathering of accurate family health history information are likely to be more effective if they
engage the older generation of the extended family. Reciprocally, the act of engaging older
family members inherently enhances their health through improved social engagement
within the family.36

This intergenerational communication pattern, with younger generations less likely to be
engaged in gathering, disseminating, and blocking family risk information suggests that the
family of origin, rather than the coresident or nuclear family, may be particularly important
in health communication. The family of origin represents the family in which one is born
and is characterized by extended multi-generational relationships.37 Coresident families are
those living within the same household and is inclusive of diverse family structures,38

whereas nuclear families are defined by heterosexual parents and their children.37 Older
generations play an important role in answering children’s questions regarding biology and
genealogy.39 However, family-based interventions tend to focus on co-resident or nuclear
families, rather than families of origin.40 Our results suggest that a shift in perspective may
be warranted when the goal is to engage families, including children, in a dialogue regarding
their family risk of disease, especially given evidence that health beliefs develop during
childhood in the family of origin.41,42 Our data support a strategy that relies on older family
members as a critical source of family health information.

Health information gatherers tended to be women, regardless of their biological relatedness
to the participants, whereas information disseminators tended to be female first- and second-
degree relatives. These findings suggest the importance of involving biological kin in
disseminating health information to family members. The cancer risk associated with
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BRCA1/2 mutations is manifest disproportionately among female family members, which
might explain why women play such an important role in intrafamilial communication.
However, this pattern of women taking on the role of disseminating family health
information has also been reported in familial syndromes in which men and women are at
similar risk, such as hereditary colorectal cancer16 and familial melanoma.43

The central role played by cancer-affected family members in the dissemination process is
consistent with using disease diagnosis as a teachable moment in a family health
communication intervention.44-46 Being informed of their genetic risk from a family
member who has been affected by a syndrome-associated cancer may carry particular
salience for at-risk family members. In addition, it is important for affected family members
to share their diagnosis with family members in an effort to update family health history.47

Family members associated with gathering and disseminating family cancer risk information
were also involved in exchanges of tangible assistance and emotional support. Thus, these
social support relationships permit identifying specific persons within the family system for
recruitment and engagement in intervention efforts to enhance family health communication.
The use of social-network approaches to identify peer leaders has been shown to be a
reliable and valid method.48,49 However, the particular social relationships that are
associated with identifying an effective family leader may differ depending upon the
intervention context.9 Our results suggest that the gathering of information is a key
component of the emotional support process, and that dissemination of information is
associated with both emotional support and tangible assistance. In the aggregate, our data
indicate that the ideal family leader would be a female family member who already provides
both emotional and tangible support to others within the extended family system. Follow-up
studies are needed to investigate whether such individuals are well-received in this role
within families and to evaluate how such individuals can most effectively exert a positive
influence on others in their families.

Importantly, blockers of information exchange tended to be spouses or partners and male
first-degree relatives. This role of blocking may be reflective of a selective pattern of
communication, in which women are more likely to communicate with their female family
members than with male family members.50 Additionally, the family of origin has
established routines for communicating about the genetic risk of cancer within the family,51

and families define their own mini-culture based on the values, rules, and rituals surrounding
the exchange of resources and information.52 Spouses, as newcomers to the family, may
have more difficulty in becoming a part of the communication routines regarding hereditary
risk, because they have not been socialized within the culture that has developed through
generations of cancer diagnoses and the family’s understanding of its genetic risk.53

However, spouses and partners are potentially key persons in gathering and disseminating
information, particularly to their at-risk children, and in promoting appropriate screening
behaviors to those at risk. Engagement of all family members in the education process, not
just those at increased risk of disease because of genetics or strong family history, is an
essential component in fostering a unified, cooperative approach to addressing a family’s
shared health threat.

Male first-degree relatives within hereditary breast and ovarian cancer families have a 50%
probability of carrying their family’s BRCA1/2 mutation, placing both themselves and
potentially their children at risk as well. Their reluctance to discuss health information may
compromise the care and support that they provide to members of their family of origin and
to their own nuclear family. This behavior may be the result of gender role acculturation,
grieving actual or anticipated loss of relatives, or their failure to appreciate that, despite
hereditary breast and ovarian cancer being generally seen as a woman’s disease, male
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mutation carriers are at risk for specific BRCA1/2-associated cancers and at risk for
transmitting the mutation to their children.54 Family scripts depicting roles and norms are
passed through generations as part of the family narrative.55 Differences in the way males
and females are socialized in understanding and coping with their genetic risk may be an
intrinsic part of the family script.56 Thus, our results point to the need to identify these
scripts within the family and to tailor intervention components specific to the family’s
needs. It is important to note, however, that the current results represent the perceptions of
female family members exclusively. Future research that captures the perspectives of men
within these at-risk families would further enhance our understanding of the gathering,
disseminating, and blocking of health history and genetic risk information within the family.

Although the results herein focus on the gathering and dissemination of health risk
information as it relates to highly penetrant genetic mutations, they represent a model that
informs family-based interventions aimed at facilitating family health information gathering
and dissemination in general. The rapidly growing field of research in genomics has
identified genetic variants that contribute to complex disease risk. Currently, these research
advances are being marketed directly to consumers,57 and these new genetic tools are
increasingly being used clinically.58,59 It is hoped that the personalized nature of genomic
information may eventually facilitate health decision-making, motivate healthy lifestyles,
and increase screening adherence, although we have a long way to go before the benefits of
such interventions are proven. Because behavioral and genetic risk of disease also clusters
within families, personalized proactive health care based on genomic risk information will
have implications not only for individuals, but also their relatives. Development of tailored
family health advisor interventions that facilitate the process of gathering and disseminating
family risk information is likely to be vital as we move forward into this new health care
arena.

The findings from this study may have limited generalizability because of the sample’s
racial and educational homogeneity; future efforts should aim to assess whether similar
patterns of gathering and disseminating health risk information are observed within families
of varied cultural and socioeconomic back-grounds. Family risk education interventions that
capitalize on known characteristics of the family structure, engaging older generations and
families of origin in the process, may be particularly effective in informing individuals of
their hereditary disease risk, as well as in helping family members adopt healthier lifestyles
and adhere to screening recommendations. The success of personalized disease prevention is
likely to require health care consumers to assume significant responsibility for the care of
themselves and their loved ones.
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FIGURE 1. Colored Eco-Genetic Relationship Map (CEGRM) used in the Breast Imaging
Study, United States, 2001-2007
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TABLE 1
Characteristics of Personal Network Members of Female Participants: Breast Imaging
Study, United States, 2001–2007

Characteristic No. (%)

Womena 2717 (51.4)

Kinship to participant

 First-degree relative 1064 (20.1)

 Second-degree relative 1448 (27.4)

 Spouse or partnerb 169 (3.2)

 Nonbiological familyc 1452 (27.5)

 Social kin 1111 (21.0)

Generation relative to participant

 Older 1660 (31.4)

 Same 2571 (48.7)

 Younger 1052 (19.9)

Cancer history 357 (6.8)

Provides emotional support 1426 (27.0)

Provides tangible assistance 1219 (23.1)

Note. N = 5283. The participants (n = 183) are not included in this table.

a
Gender unknown or missing for 249 network members.

b
Includes ex-spouses and partners.

c
Excludes spouse or partner.
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