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Abstract Inherited bone marrow failure syndromes (IBMFS)
including Fanconi anemia, dyskeratosis congenita, Diamond-
Blackfan anemia, and Shwachman-Diamond syndrome are
rare genetic disorders characterized by hematologic compli-
cations and increased risk of cancer. Patients and their families
likely experience obstacles in obtaining sufficient health in-
formation given their disorders’ rarity. To investigate this
possibility, we examined information-seeking behaviors and
levels of general and disorder-specific genetic knowledge
among 315 members of 174 families with an IBMFS, and
how information-seeking behaviors and socio-demographic
factors may be associated with their genetic knowledge.

Cross-sectional survey data indicated that participants were
most likely to have ever used the Internet or healthcare pro-
viders for genetic information. On average, participants cor-
rectly answered 57 % of items assessing general genetic
knowledge and 49–59 % of disorder-specific knowledge
items. Greater knowledge was associated with greater educa-
tion and ever experiencing genetic counseling, attending a
scientific meeting, and seeking information from the Internet
and scientific literature. Among families with Fanconi anemia
(whose family support organization has the longest history of
providing information), greater disorder-specific genetic
knowledge was also associated with seeking information from
support groups and other affected families. Results suggest
that families with IBMFS have uncertainty regarding genetic
aspects of their disorder, and highlight potential channels for
delivering educational resources.
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Introduction

Inherited bone marrow failure syndromes (IBMFS) include
disorders such as Fanconi anemia (FA), dyskeratosis
congenita (DC), Diamond-Blackfan anemia (DBA), and
Shwachman-Diamond syndrome (SDS). These rare genetic
disorders are characterized by hematologic complications that
include bone marrow failure, myelodysplastic syndrome, and
acute myeloid leukemia, as well as increased risk of
syndrome-specific solid tumors and physical abnormalities
(Alter et al. 2010). Affected individuals generally present with
symptoms within the first decade of life, and despite recent
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therapeutic advances, survival rates for patients with an
IBMFS remain lower than averages for the general popula-
tion, with median ages of survival (reported from 2000 to
2009) of 29 years for FA, 49 years for DC, 45 years for
DBA, and 36 years for SDS (Shimamura and Alter 2010).

The IBMFS are caused bymutations inmultiple genes with
various inheritance patterns. There are currently 16 known
genes associated with FA (15 autosomal recessive [AR]; one
X-linked recessive [XLR]). Nine genes associated with DC
demonstrate all inheritance patterns (XLR, autosomal domi-
nant [AD], and AR). Two of these genes can be inherited in
either AD or AR patterns. Mutations in these genes account
for approximately 60 % of all DC cases (Khincha and Savage
2013), indicating that other unidentified genetic risk factors
exist. Over 10 ribosomal genes inherited in an ADmanner are
associated with DBA, which also account for approximately
60 % of known cases (Mirabello et al. 2014). A single AR
gene accounts for the vast majority (>90 %) of cases of SDS
(Shimamura and Alter 2010).

Given the complex nature of the IBMFS and the varying
risks, benefits, and limitations of existing treatment options
(e.g., androgen therapy, hematopoietic stem cell transplanta-
tion), individuals affected with an IBMFS must make numer-
ous challenging decisions regarding the medical management
of their disorder (e.g., Hamilton et al. 2013; Hutson et al.
2013). These decisions demand a minimum level of genetic
literacy, or sufficient knowledge and appreciation of genetics
principles, to allow informed decision-making for personal
well-being (Bowling et al. 2008). Genetic literacy is especially
important for patients with an IBMFS and their families due to
the complex genetic origins of their disorders and the many
knowledge-dependent challenges they face, including navi-
gating the healthcare system, making treatment-related
choices, and sharing information with at-risk relatives. Yet,
given the rarity of their disorders, affected patients and their
families likely face obstacles in obtaining genetic health in-
formation. Understanding where members of families with an
IBMFS seek genetic health information, as well as what gaps
exist in their genetic knowledge and literacy, can help re-
searchers and clinicians develop and target communication
efforts.

There is no existing evidence regarding the genetic
information-seeking behaviors of patients or families affected
with an IBMFS. Past research on genetic information seeking
has focused on other populations, including the general public
(Case, Johnson, Andrews, Allard, and Kelly 2004) and pa-
tients with chronic illnesses such as heart disease and diabetes
(Morren, Rijken, Baanders, and Bensing 2007). This research
has revealed that the Internet, healthcare providers, and print
materials are popular sources of information. Similarly, an
investigation of parents of children undergoing hematopoietic
stem cell transplantation demonstrated that more than 80 % of
respondents sought information about the transplant process

from these resources; other resources such as caregiver sup-
port groups (14 %) and workshops/seminars (9 %) were used
less frequently (Mayer et al. 2009). Further, a 2010 survey of
members of patient organizations associated with the National
Organization for Rare Disorders (NORD) found that 69 % of
respondents received information or support about a health
issue from a doctor or other healthcare professional, 58 %
from friends or family, and 54 % from others with the same
health condition (Fox 2011). Of those who got information or
support from others with the same health condition, 46 %
indicated that they went online for it. Whether these
information-seeking patterns apply similarly to patients with
an IBMFS, however, has never been examined.

There are several reasons to suspect that the Internet and
online support groups are a primary genetic health information
resource for families affected with an IBMFS. The IBMFS are
rare; patients and family members may struggle to identify
local healthcare providers with sufficient experience with their
disorder and may have few opportunities to interact directly
with others affected with the same disorder. Indeed, online
communities and resources have been identified as valuable
sources of support for parents of childrenwith FA (Zierhut and
Bartels 2012) and for those diagnosed with other rare genetic
disorders (Black and Baker 2011; Gundersen 2011; Rivard
and Mastel-Smith 2014; Schaffer, Kuczynski, and Skinner
2008). Each of the leading IBMFS family support organiza-
tions has a strong online presence including the Fanconi
Anemia Research Fund, Inc. (founded in 1985; www.
fanconi.org), Diamond Blackfan Anemia Foundation, Inc.
(founded in 1994; www.dbafoundation.org), Shwachman-
Diamond Syndrome Foundation (founded in 1994; www.
shwachman-diamond.org) and Dyskeratosis Congenita
Outreach, Inc. (founded in 2008; www.dcoutreach.org), and
disseminating education and medical information are crucial
elements of their missions.

Another important gap in the evidence pertains to levels of
genetic knowledge among families with an IBMFS. Recent
studies suggest that the general public has a modest under-
standing of genetic terminology and recognizes genetics as a
risk factor for disease, but lacks detailed knowledge about
scientific facts regarding DNA and genes, as well as patterns
of inheritance (Christensen, Jayaratne, Roberts, Kardia, and
Petty 2010; Condit 2010; Lanie et al. 2004; Lea, Kaphingst,
Bowen, Lipkus, and Hadley 2011; but see Haga et al. 2013).
Similarly, misconceptions regarding general or disorder-
specific genetic knowledge are common in studies of various
patient populations (e.g., testicular cancer families, Peters
et al. 2008; parents with sickle cell trait, Acharya, Lang, and
Ross 2009; parents of children with spinal muscular atrophy,
Meldrum, Scott, and Swoboda 2007; parents and patients with
cystic fibrosis, Conway et al. 1996; Hames, Beesley, and
Nelson 1991). There are some data to suggest that character-
istics including younger age (Ashida et al. 2011; Christensen
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et al. 2010; Haga et al. 2013; Peters et al. 2008), greater
educational attainment (Christensen et al. 2010; Gallo,
Knafl, and Angst 2009; Haga et al. 2013; Peters et al. 2008),
greater income (Case et al. 2004; Gallo et al. 2009), and
Internet use (Case et al. 2004) are associated with greater
factual or perceived genetic knowledge. The level and deter-
minants of genetic knowledge among patients with an IBMFS
and their families remain to be described, however, and rep-
resent an important gap in the evidence needed to effectively
care for this vulnerable population.

The goal of our study was to contribute descriptive infor-
mation regarding genetic information-seeking behaviors and
knowledge among families with an IBMFS using cross-
sectional survey data collected through the National Cancer
Institute (NCI) IBMFS cohort study from 2002 to 2012. We
examined genetic information-seeking behaviors and levels of
both general and disorder-specific genetic knowledge among
a sample of members of families with an IBMFS (primarily
unaffected parents of children diagnosed with an IBMFS). We
also examined how information-seeking behaviors and
conceptually-relevant socio-demographic factors are associat-
ed with individuals’ levels of genetic knowledge. Consistent
with findings from other populations (Ashida et al. 2011; Case
et al. 2004; Christensen et al. 2010; Gallo et al. 2009; Haga
et al. 2013; Peters et al. 2008), we hypothesized that greater
genetic knowledge would be associated with the performance
of information-seeking behaviors, as well as with younger
age, greater education, and greater income. Associations be-
tween genetic knowledge and additional factors including
gender, relationship to an affected patient, and year of ques-
tionnaire completion were also examined in an exploratory
manner.

Methods

Participants

Cross-sectional survey data were collected through the NCI
IBMFS cohort study (protocolNCI 02-C-0052; clinicaltrials.gov
ID NCT00027274; www.marrowfailure.cancer.gov/). This
study was approved by the NCI Institutional Review Board.
Study procedures are reported in detail elsewhere (see Alter
et al. 2010). Briefly, participants were recruited through
mailings to pediatric hematologists/oncologists, medical
geneticists, and IBMFS family support groups. Participants
were screened for eligibility and provided written informed
consent. These analyses utilized data from a mailed Individual
Information Questionnaire collected from 2002 to 2012; this
questionnaire collected baseline data about study participants
prior to their visit to the study site and medical evaluation by
the study investigators. Due to sample size limitations (e.g.,
insufficient number of responses from extended family

members), these analyses were restricted to data collected from
affected patients (i.e., probands) ages 18 and older at the time of
enrollment who were diagnosed with the most common IBMFS
(FA, DC, DBA, and SDS), and parents of affected patients
(regardless of the patient’s age).

Instrumentation

Information-Seeking Behaviors

Six items assessed whether participants had ever used various
sources to obtain genetic information about the condition in
their family: the Internet, media (defined as “television, radio,
magazines, newspaper, etc.”), a disease-related support group,
other families with the same or a similar condition, a doctor or
healthcare provider, and the scientific or medical literature.
One item assessed whether participants had ever attended a
scientific meeting or conference relevant to the IBMFS in their
family, and one item assessed whether participants had ever
received genetic counseling for any IBMFS. For all items,
responses were coded as 0=“no” and 1=“yes.” Finally, one
open-ended item asked participants to list the three websites
that they used most frequently to learn about the genetic
condition in their family.

General Genetic Knowledge

The Genetic Knowledge Scale (GKS) consisted of 15
investigator-designed items assessing aspects of inheritance
and basic genetic principles (see Online Resource 1 for items).
Response options for each item included “true”, “false”, and
“don’t know.” Each item was scored as “1” for the correct
response or “0” for the incorrect response and “don’t know.”
To compute a total score for the GKS, the items were summed
and divided by the total number of answered items to produce
the proportion (ranging from 0 to 1) of correct GKS items.
This scale demonstrated good internal consistency
(Cronbach’s α=0.85).

Disorder-Specific Genetic Knowledge

Investigator-designed items were used to assess genetic
knowledge specific to FA (FA-GKS; 6 items), DC (DC-
GKS; 5 items), DBA (DBA-GKS; 6 items), and SDS (SDS-
GKS; 6 items). These items assessed inheritance patterns and
genetic features of each IBMFS (see Online Resource 1).
Response options for each item included “true”, “false”, and
“don’t know.” As with the GKS, the proportion of correct
items was computed for each disorder-specific scale. These
scales demonstrated good internal consistency (Cronbach’s
α=0.89 for FA-GKS; 0.89 for DC-GKS; 0.91 for DBA-
GKS; and 0.91 for SDS-GKS).
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Socio-Demographic Characteristics

Data were collected regarding each participant’s age, gender,
race, highest level of education completed, annual household
income, and year of questionnaire completion. Based on self-
report, individuals were classified as being a member of a
family affected by FA, DC (including those with the severe
DC-variants Hoyeraal-Hreidarsson syndrome and Revesz
syndrome), DBA, or SDS. Each participant was also classified
into 1 of 2 categories based on his or her relationship to an
affected patient. “Patients” consisted of individuals who had
been diagnosed with an IBMFS (e.g., probands). “Parents”
consisted of the mothers or fathers of affected patients; in only
1 case (individual with DC) was a parent already diagnosed
with an IBMFS at the time of data collection.

Data Analysis

Data were examined for missing values using SPSS 19.0
Missing Values statistical analysis software. Questionnaires
with ≥20 %missing items for both primary outcome variables
of the general and disorder-specific GKS were excluded from
analysis (n=49). For questionnaires with ≤20%missing items
on either scale, the scale scores were computed based on the
total number of answered items. For several questionnaires,
data were missing on relevant study variables including edu-
cation (n=2) and income (n=24); values for these missing
responses were derived through multiple imputation.

The sampling strategy allowed for questionnaire responses
from multiple members of the same family (i.e., affected
patient, mother, and father); hence, the data were correlated
at the family unit level and violated the assumption of inde-
pendence between cases. In order to include data from each
respondent, all analyses and standard error estimates were
corrected to account for the correlated data with the use of
SPSS Complex Samples statistical analysis software, which
used Taylor linearization to compute accurate standard errors
for statistical testing. This technique allowed for the inclusion
of all family members, thereby maximizing the analytic sam-
ple size while protecting against inaccurate variance estimates
that could arise from such a complex sampling design.

We computed descriptive statistics for all study variables.
To analyze whether differences in information-seeking behav-
iors and genetic knowledge existed based on key variables
including year of questionnaire completion, family IBMFS,
and relationship to an affected patient, we used Chi-square
significance tests and ANOVAs, respectively. We also exam-
ined the extent to which information-seeking behaviors and
socio-demographic factors were associated with participants’
levels of genetic knowledge. First, separate univariable linear
regression models were conducted to determine whether var-
iables including all information-seeking behaviors, age, gen-
der, education, income, year of questionnaire completion,

family IBMFS, and relationship to an affected patient were
associated with the outcomes of general genetic knowledge
and disorder-specific knowledge. Any variables significantly
(p≤0.05) associated with the outcome were then included as
predictors in a multivariable linear regression model. Any
non-significant predictors were trimmed from the final model.
All statistical tests were 2-tailed with α=0.05.

Results

The analytic sample consisted of 315 individuals from 174
families (see Table 1). The majority of participants were from
families affected with FA (n=110), followed by DBA (n=88),
DC (n=84), and SDS (n=33). Within the total sample, ap-
proximately half (55.6 %) of the participants were female, and
the majority (92.4 %) were Caucasian. Most participants
(87 %) were unaffected parents of an affected patient.

Information-Seeking Behaviors

Figure 1 depicts the extent to which participants from families
affected by each IBMFS ever sought genetic information from
various sources. Overall, participants endorsed seeking genet-
ic information from an average of 3.2 (SD=1.9, range 0–8)
different sources. Within the total sample, 68 % reported ever
using the Internet to learn about the genetic condition in their
family, 66 % used their healthcare provider, 47 % used
disease-related support groups, 38 % used scientific or med-
ical literature, 36% had experienced genetic counseling, 31%
used other families with the condition, 24 % used media, and
17 % attended a scientific meeting. Approximately 7 % of
participants did not endorse using any of the information
sources. Chi-square tests of significance indicated that the
use of several information sources differed based on family
IBMFS, with use generally being lowest for families with DC.

Additional Chi-square tests of significance indicated dif-
ferences in information-seeking behaviors over time.
Comparing behaviors from 2002 to 2006 versus 2007 to
2012, there were significant differences in the use of support
groups (53% versus 40%; p=0.03), genetic counseling (43%
versus 28%; p=0.006), other families (37 % versus 24 %,
p=0.02), media (30 % versus 16 %; p=0.005), and scientific
meetings (27 % versus 7 %, p<0.001). Chi-square tests indi-
cated that only use of genetic counseling differed based on
participants’ relationship to an affected patient; a higher pro-
portion of patients (55 %) than unaffected parents (33 %) had
ever used genetic counseling to learn about the genetic con-
dition in their families (p=0.006).

For descriptive purposes, we also summarized participants’
responses to the open-ended item assessing the three websites
used most frequently to learn about their family’s genetic
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condition (Online Resource 2). A total of 141 participants
listed at least 1 identifiable website. These websites were
categorized as disease-specific (16 separate sites, n=103),
government (6 sites, n=57), medical search (7 sites, n=47),
generic search (7 sites, n=33), hospital and medical center (8
sites, n=20), and other (industry/investigator/scientific litera-
ture) (4 sites, n=4).

Levels of Genetic Knowledge

Levels of general genetic knowledge among members of
families with an IBMFS are presented in Table 2. On average,
participants answered 57 % of the items comprising the GKS

correctly. Items that were answered correctly most frequently
included those assessing whether genes are made up of DNA,
whether identified genetic disorders are curable, and whether
some genetic disorders occur due to two inherited mutations
(see Online Resource 1). Items most frequently answered
incorrectly assessed whether cells in different organs have
different genes and whether XLR traits affect females more
often than males. Items for which participants most frequently
endorsed uncertainty included those assessing whether car-
riers of recessive mutations are affected by the condition and
whether mutations in different genes can cause the same
disorder. Within the total sample, there were no significant
differences in levels of correct knowledge based on family

Table 1 Participant characteristics (n=315)

Characteristic DBA (n=88)
n (%)

DC (n=84)
n ( %)

FA (n=110)
n ( %)

SDS (n=33)
n ( %)

Total sample
(n=315) n ( %)

Age (M±SD) 39.3±10.3; range
19–81

41.6±12.6; range
18–75

42.4±12.8; range
18–85

42.1±12.0; range
22–68

41.3±12.0; range
18–85

Gender (Female) 46 (52.3) 44 (52.4) 63 (57.3) 22 (66.7) 175 (55.6)

Race (Caucasian/white) 82 (93.2) 78 (92.9) 99 (90.0) 32 (97.0) 291 (92.4)

Education

High school or less 13 (14.8) 16 (19.0) 20 (18.2) 6 (18.2) 55 (17.5)

Post-high school/some college 27 (30.7) 35 (41.7) 26 (23.6) 7 (21.2) 95 (30.2)

College 26 (29.5) 20 (23.8) 30 (27.3) 9 (27.3) 85 (27.0)

Some post-graduate or more 22 (25.0) 13 (15.5) 34 (30.9) 11 (33.3) 80 (25.4)

Income

$20,000 or less 6 (6.8) 7 (8.3) 10 (9.1) 3 (9.1) 26 (8.3)

$20,001–$40,000 14 (15.9) 12 (14.3) 21 (19.1) 8 (24.2) 55 (17.5)

$40,001–$60,000 22 (25.0) 18 (21.4) 17 (15.5) 5 (15.2) 62 (19.7)

$60,001–$80,000 12 (13.6) 19 (22.6) 14 (12.7) 3 (9.1) 48 (15.2)

More than $80,000 34 (38.6) 28 (33.3) 48 (43.6) 14 (42.4) 124 (39.4)

Year of questionnaire completiona

2002 0 (0) 0 (0) 2 (1.8) 1 (3.0) 3 (1.0)

2003 30 (34.1) 6 (7.1) 24 (21.8) 12 (36.4) 72 (22.9)

2004 10 (11.4) 8 (9.5) 15 (13.6) 0 (0) 33 (10.5)

2005 13 (14.8) 5 (6.0) 11 (10.0) 4 (12.1) 33 (10.5)

2006 5 (5.7) 7 (8.3) 6 (5.5) 2 (6.1) 20 (6.3)

2007 9 (10.2) 11 (13.1) 14 (12.7) 5 (15.2) 39 (12.4)

2008 3 (3.4) 12 (14.3) 8 (7.3) 4 (12.1) 27 (8.6)

2009 6 (6.8) 15 (17.9) 9 (8.2) 0 (0) 30 (9.5)

2010 6 (6.8) 7 (8.3) 5 (4.5) 2 (6.1) 20 (6.3)

2011 3 (3.4) 9 (10.7) 13 (11.8) 0 (0) 25 (7.9)

2012 3 (3.4) 4 (4.8) 3 (2.7) 3 (9.1) 13 (4.1)

Relationship to affected patient

Patient 10 (11.4) 11 (13.1) 18 (16.4) 2 (6.1) 41 (13.0)

Parent 78 (88.6) 73 (86.9) 92 (83.6) 31 (93.9) 274 (87.0)

Note. DBA Diamond-Blackfan anemia; DC dyskeratosis congenita; FA Fanconi anemia; SDS Shwachman-Diamond syndrome
a This variable was dichotomized for all subsequent analyses (coded as years 2002–2006=1, years 2007–2012=2)
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IBMFS (F(3,166)=0.22, p=0.88), year of questionnaire com-
pletion (F(1,168)=0.26, p=0.61), or the participant’s relation-
ship to an affected patient (F(1,168)=0.01, p=0.91).

Family members’ levels of disorder-specific genetic knowl-
edge are also shown in Table 2 (see Online Resource 1 for
additional details). Participants from families affected by FA
and SDS answered the highest proportion of disorder-specific
genetic knowledge items correctly (59 % each), whereas those
from families affected by DC answered the lowest proportion
of disorder-specific genetic knowledge items correctly (49 %).
Among families with each IBMFS, no differences were ob-
served in disorder-specific genetic knowledge based on year of
questionnaire completion or the participant’s relationship to an
affected patient (all ps>0.05).

Correlates of Genetic Knowledge

Given that there were no significant differences in general or
disorder-specific knowledge based on the family IBMFS, year

of questionnaire completion, or the participant’s relationship
to an affected patient, these variables were not explored in
analyses of correlates of genetic knowledge. Univariable lin-
ear regression analyses revealed that greater education and
income; ever seeking information from the Internet, support
groups, other families, healthcare providers, and scientific
literature; ever attending a scientific meeting, and ever
experiencing genetic counseling were associated with greater
correct general genetic knowledge among all participants
(data not shown, all ps≤0.03). These variables were incorpo-
rated into a multivariable model (from which any nonsignif-
icant variables were subsequently removed); as hypothesized,
this final model revealed that greater education, ever seeking
information from the Internet or scientific literature, ever
attending a scientific meeting, and ever experiencing genetic
counseling were significantly associated with greater correct
genetic knowledge (see Table 3, all ps≤0.04).

Correlates of correct disorder-specific genetic knowledge
were also examined (Table 3); however, these analyses were

Fig. 1 Information-seeking behaviors of participants from families with an
IBMFS. Asterisks indicate significant differences in information-seeking
behaviors across the four IBMFS (p≤0.05). Note that data were missing for

Internet use (n=1), experience with genetic counseling (n=10), and
scientific meeting attendance (n=4)

Table 2 Proportion of correct, incorrect, and uncertain responses to the general and disorder-specific genetic knowledge scales among families with an
IBMFS

GKS correct GKS incorrect GKS uncertain Disorder-specific
GKS correct

Disorder-specific
GKS incorrect

Disorder-specific
GKS uncertain

Total sample (n=306) 0.57 0.09 0.34 – – –

DBA families (n=78) 0.57 0.07 0.36 0.57 0.05 0.37

DC families (n=70) 0.53 0.08 0.39 0.49 0.06 0.45

FA families (n=103) 0.59 0.10 0.31 0.59 0.10 0.32

SDS families (n=32) 0.55 0.09 0.36 0.59 0.12 0.29

Note. Values represent the proportion of correct, incorrect, and uncertain (“don’t know”) responses. Total sample includes those who provided responses
to the general genetic knowledge scale; disorder-specific sub-samples restricted to those who provided responses to both the general genetic knowledge
scale and the disorder-specific genetic knowledge scale appropriate for their family’s condition. DBA Diamond-Blackfan anemia; DC dyskeratosis
congenita; FA Fanconi anemia; SDS Shwachman-Diamond syndrome; GKS Genetic Knowledge Scale
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not conducted for those from families with SDS because few
participants completed the disorder-specific GKS (n=32).
Among families with DBA, univariable linear regression
analyses revealed that only ever attending a scientific meeting
was significantly associatedwith greater correct DBA-specific
genetic knowledge (p=0.01).

Among families with DC, univariable linear regression
analyses revealed that female gender, completing a college
degree (as compared to completing high school or less), ever
seeking information from the Internet, support groups, and a
healthcare provider, and ever experiencing genetic counseling
were associated with greater correct DC-specific genetic
knowledge (all ps≤0.04). The final multivariable linear re-
gression model indicated that ever seeking information from
the Internet and ever experiencing genetic counseling were the
only significant correlates of greater correct DC-specific ge-
netic knowledge (ps≤0.01).

Among families with FA, univariable linear regression
analyses indicated that ever seeking information from support
groups, other families, and the scientific literature, as well as
ever attending a scientific meeting were associated with great-
er correct FA-specific genetic knowledge (all ps≤0.03). The

final multivariable model indicated that ever seeking informa-
tion from support groups or other families, and ever attending
a scientific meeting were significantly associated with greater
correct knowledge regarding the genetics of FA (all ps≤0.02).

Discussion

This is the first study to examine information-seeking behav-
iors and genetic knowledge of members of families with an
IBMFS, for whom complex genetic information and the abil-
ity to understand and utilize it are critical. Results underscore
that these families turn to multiple sources in their search for
information about their disorder, with participants endorsing
use of an average of three different resources. Congruent with
studies in other populations (e.g., Mayer et al. 2009; Morgan
et al. 2014; Rivard and Mastel-Smith 2014), most participants
sought genetic information from the Internet (particularly
disease-specific websites maintained by family support orga-
nizations) and healthcare providers. In addition, nearly half of
participants sought information from a support group.

Table 3 Final multivariable linear regression models of associations between behavioral and socio-demographic factors with correct general and
disorder-specific genetic knowledge in families with an IBMFS

General Genetic
Knowledge
(n=294)

DBA-specific
Genetic
Knowledge
(n=81)

DC-specific
Genetic
Knowledge
(n=69)

FA-specific
Genetic
Knowledge
(n=107)

Variable b (SE) b (SE) b (SE) b (SE)

Age

Gender (Female)

Education

High school or less Reference

Post-high school/Some college 0.14 (0.05)**

College 0.25 (0.04)***

Some post-graduate or more 0.26 (0.04)***

Income

Internet information-seeking (Yes) 0.09 (0.03)** 0.35 (0.07)***

Media information-seeking (Yes)

Support group information-seeking (Yes) 0.14 (0.05)**

Other families information-seeking (Yes) 0.15 (0.06)**

Healthcare provider information-seeking (Yes)

Scientific literature information-seeking (Yes) 0.06 (0.03)*

Scientific meeting attendance (Yes) 0.11 (0.03)*** 0.19 (0.07)** 0.16 (0.07)*

Genetic counseling (Yes) 0.06 (0.03)* 0.23 (0.09)**

Percent variance (model R2) in genetic knowledge
accounted for by model variables

30.5 % 5.6 % 35.6 % 23.0 %

Note. All b values represent unstandardized regression coefficients. DBA Diamond-Blackfan anemia; DC dyskeratosis congenita; FA Fanconi anemia;
SE standard error

*=p≤0.05; **=p≤0.01; ***=p≤0.001
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Approximately a third of participants sought information from
genetic counseling, with use of this service being more com-
mon among affected patients than their parents.

Some trends emerged in the extent to which participants
endorsed different information-seeking behaviors over time.
A greater proportion of participants used the media as an
information source in the earlier years of the study (i.e.,
2002 to 2006), which may be due in part to widespread news
coverage of a child with FA whose parents used pre-
implantation genetic diagnosis to create a sibling donor for
her stem cell transplantation in 2000 (BBC News 2000;
Belkin 2001; Faison 2005). However, we believe that the
other observed time-related differences in information-
seeking behaviors should be interpreted cautiously because
theymay be an artifact of the study methodology. Specifically,
participants were initially recruited from family support orga-
nizations and healthcare providers, whereas participants in
later years were more commonly self-referred. Thus, the more
frequent endorsement of support groups, other families, ge-
netic counseling, and scientific meetings by participants re-
cruited in the earlier years of this study may simply reflect the
study recruitment strategy, rather than secular trends in
information-seeking behaviors.

Participants demonstrated some limitations in their genetic
knowledge, as they correctly answered an average of 57 % of
the items assessing general genetic knowledge, and 49 %–
59 % of the disorder-specific genetic knowledge items.
Participants were particularly uncertain about the disease risks
faced by carriers of recessive mutations; relationships between
gender, gender-specific disorders (e.g., breast or testicular can-
cer), and disorders with an XLR inheritance pattern; and the
possibility that mutations in different genes result in the same
disorder. These specific issues are highly relevant to the inher-
itance and etiology of the IBMFS, and likely represent topics
about which patients and their families need greater clarity in
order to understand and make decisions about their individual
and shared risks. One may have expected to observe a substan-
tial improvement in participants’ genetic knowledge over the
10-year duration of this study, commensurate with increasing
scientific knowledge about the role of genetics in health and the
explosion of knowledge about the IBMFS genes. However,
levels of genetic knowledge did not differ among those partic-
ipants enrolled in the earlier years of this study as compared to
those participants enrolled in the later years of the study,
suggesting that an information gap exists, and that families
with an IBMFS may have challenges accessing genetic infor-
mation that is timely, accurate, and comprehensible.

It was hypothesized that several different socio-
demographic factors would be associated with genetic knowl-
edge. However, results indicate that education was the only
significant correlate; more educated participants had greater
general genetic knowledge, perhaps finding it easier to locate
and interpret complex genetic and medical information.

Several information-seeking behaviors were also associated
with genetic knowledge, as predicted. Use of scientific litera-
ture was associated with greater general genetic knowledge,
and use of the Internet and genetic counseling were both
associated with greater general and DC-specific genetic
knowledge. Although only a small proportion of participants
had previously attended a scientific meeting, use of this re-
source was associated with greater general, DBA-, and FA-
specific genetic knowledge. Finally, use of a support group
and other affected families was associated with greater FA-
specific genetic knowledge. Contrary to predictions, use of
media or a healthcare provider was not significantly associat-
ed with knowledge. These results demonstrate the value of
diverse information channels for patients and families affected
with an IBMFS, and highlight promising avenues for targeting
future educational messages and interventions. For example, it
may be possible to improve families’ understanding of the
genetic nature of their disorder by increasing their awareness
and access to relevant scientific meetings (e.g., Camp
Sunshine 2014). However, attending such meetings may not
be feasible for all families, and Internet-based interventions
that capitalize on developments in social media and healthcare
could also be effective, providing widely distributed informa-
tion and opportunities to establish meaningful relationships
with other patients and affected families.

Study Limitations

This study provides important insight into the experiences of
families with four of the most common IBMFS. This study
identifies various genetic information-seeking behaviors used
by members of these families; however, the study measures
were limited in scope. Additional aspects of information-
seeking, such as frequency of these behaviors or individuals’
satisfaction, comprehension, perceived utility, or perceived
credibility of different information resources, were not exam-
ined and should be investigated with future research. This
study also examined how various factors may be associated
with individuals’ levels of genetic knowledge. Although the
findings were consistent with our predictions, it is important to
acknowledge that the cross-sectional nature of the data pre-
cludes any conclusions regarding causality and changes in
information needs or knowledge over time. Furthermore, we
were unable to examine how the timing of a patient’s diagno-
sis may be related to her/his information seeking and knowl-
edge, although it is likely that patients’ and families’ informa-
tion needs change as they progress through the different stages
of managing and treating their disorder. In addition, we were
only able to examine a small number of socio-demographic
factors in this sample. Although the study sample was diverse
in terms of education and income, participants were predom-
inantly Caucasian; thus it is not known whether similar pat-
terns may be observed among families of other racial and
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ethnic backgrounds. Additional socio-demographic and med-
ical factors, such as geographic location (e.g., rural versus
urban residence), extent of previous experience with other
chronic diseases, access to a regular healthcare provider, and
quality of the relationship with a healthcare provider, may also
be associated with individuals’ levels of genetic knowledge.
As previously noted, participants were recruited from family
support organizations and through healthcare providers, and
over time, participants were also self-referred to the study.
Thus, there is the possibility of a volunteerism bias, and the
generalizability of these findings to the broader population of
patients and families affected with an IBMFS is unknown.

Practice Implications

These findings have several implications for those who pro-
vide care to individuals from families affected by an IBMFS,
and other rare genetic disorders. It is noteworthy that only
about one-third of study participants had ever experienced
genetic counseling. The reason for this low level of uptake is
not clear, as individuals may lack access (including appropri-
ate referrals and adequate insurance coverage) to trained ge-
netic counselors, may lack awareness of their services, may be
unable to overcome practical barriers (such as time away from
work, transportation, or child care) to obtaining genetic
counseling, or may lack interest in pursuing genetic counsel-
ing. Although we cannot determine whether the positive as-
sociation observed in this study between use of genetic
counseling and genetic knowledge is due to genetic counsel-
ing improving individuals’ knowledge, or to those with great-
er knowledge being more likely to seek out counseling, efforts
should be made to better understand and ultimately minimize
these obstacles so that those in greatest need can access these
educational and supportive resources. Given that genetic
counseling was found to be used more commonly among
affected patients than their parents, it may be particularly
helpful for counselors to provide patients with specific en-
couragement and advice for how to effectively share genetic
information and resources with their parents and other family
members.

These findings also highlight that patients’ and family
members’ genetic education and disease management are
dynamic processes that benefit from the efforts of many.
Healthcare providers are critical resources, as doctors were
commonly-noted information sources and the use of genetic
counseling was associated with greater levels of genetic
knowledge. However, an important role also exists for peer-
to-peer education and patient advocacy. For families with an
IBMFS, attendance at scientific meetings and the use of
support groups and other affected families were also related
to greater knowledge. Yet, it is important to recognize that the
benefits of these patient advocacy efforts may take some time
to accrue; the use of support groups and other affected families

were only significantly associated with greater disorder-
specific genetic knowledge for those from families with FA.
FA is the IBMFS with the oldest family support organization,
as it was founded nearly a decade before those of DBA and
SDS, and more than two decades before that of DC.
Conversely, families with DC, which lacked a family support
organization for most of this study, reported the lowest levels
of many information-seeking behaviors and disorder-specific
genetic knowledge. These findings underscore the vital role of
these organizations in connecting families with health
information.

Research Recommendations

Future studies must focus on ways to improve genetic knowl-
edge of patients with IBMFS and their family members, as
knowledge is a key component of both genetic literacy
(Bowling et al. 2008) and the emerging domain of genomic
literacy (Hurle et al. 2013), and is critical for making informed
health-related decisions. Investigations are needed to deter-
mine what specific types of information (e.g., information
about patterns of inheritance, about mechanisms of disease
etiology, etc.) are needed to allow patients and their families to
feel most prepared to make the complex array of health
decisions necessitated by their disorders. In addition, research
should explore which educational approaches and information
resources are most effective for teaching these concepts. It
also remains possible that the individuals who are currently
seeking genetic information are those with the greatest basic
understanding of genetic concepts; thus it will be critical to
determine how the efficacy of different educational strategies
may vary based on an individual’s initial familiarity with
genetics, general educational attainment, information prefer-
ences, and past information-seeking experiences. Finally, fu-
ture studies should examine how members of these families
are interacting with, and communicating about, their different
genetic information resources. For example, investigations
could examine to what extent patients or parents are sharing
their findings with other family members, and how these
individuals in turn respond to develop a shared understanding
of their hereditary disease risk.

Conclusion

Families affected by an IBMFS use a variety of strategies to
obtain genetic information, with the majority turning to the
Internet and their healthcare provider. Several behaviors in-
cluding use of genetic counseling, attending a scientific meet-
ing, and seeking information from the Internet and scientific
literature were associated with greater genetic knowledge.
Notably, among families with FA, the group with the oldest
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family support organization, greater knowledge was also as-
sociated with seeking information from support groups and
other affected families. Some uncertainty exists among fami-
lies affected by an IBMFS regarding genetic aspects of their
diagnosis and disease risks; yet, these results highlight poten-
tial information channels for delivering future genetic educa-
tional resources to these individuals.
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