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Abstract

Background Eftects of different sources of medical uncer-
tainty on people’s health-related cognitions, emotions, and
decision making have yet to be systematically examined.
Purpose The aim of this study is to examine how uncer-
tainties arising from different sources are associated with
decision making regarding stem cell transplantation in
Fanconi anemia, a rare, inherited bone marrow failure syn-
drome that typically presents during childhood.
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Methods Data were collected through a cross-sectional sur-
vey of 178 parents of 126 Fanconi anemia patients.
Results Two distinct sources of uncertainty were associated
with decision outcomes: probability was associated with a
lower likelihood of choosing stem cell transplantation, and
ambiguity due to conflicting expert opinions was associated
with greater decision-making difficulty. Concern about
transplantation may mediate these associations.
Conclusions Different sources of uncertainty have different
effects on Fanconi anemia treatment decisions, which may be
mediated by parents’ emotional reactions. Further research is
needed to elucidate these effects and help Fanconi anemia
families cope with uncertainty.

Keywords Ambiguity - Uncertainty - Medical decision
making - Fanconi anemia - Hematopoietic stem cell
transplantation

Medicine and healthcare provide numerous situations in
which people may experience uncertainty, defined as the
subjective perception of ignorance [1]. For example, people
may perceive uncertainty when expert opinions regarding
cancer screening recommendations conflict, when evidence
about a treatment’s efficacy in a clinical trial is limited, or
when disease risk estimates provided by online risk calcu-
lators, direct-to-consumer genetic testing, or healthcare pro-
viders are imprecise. These and other situations necessitate
an understanding of how people interpret and respond to
uncertain information. This need is particularly salient given
the current emphasis on shared and informed decision mak-
ing in the clinical encounter [2, 3], and people’s exposure to
complex, contradictory, or incomplete health-related mes-
sages [4-7].
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Medical uncertainty can be conceptualized as a
multidimensional construct. Scholars have described var-
ious views of the construct of uncertainty [8—11]; how-
ever, here we focus on a taxonomy recently developed
by Han and colleagues [1] for categorizing different
types of uncertainty in healthcare. Informed by theoret-
ical and empirical work in disciplines including commu-
nication, decision sciences, and psychology, their taxonomy
describes three distinct dimensions of uncertainty (see
Fig. 1). Source, the dimension of primary interest in the
present study, encompasses probability (i.e., first-order
or “aleatory” uncertainty about the risk of an event
arising from the randomness or indeterminacy of the
future), ambiguity (i.e., second-order or “epistemic” un-
certainty regarding the strength, validity, consistency, or
adequacy of risk information), and complexity (i.e.,
aspects of an event that make it difficult to comprehend,
such as multiple possible causes or outcomes) [1]. Issue,
an additional dimension that refers to the substantive
content of the uncertainty, includes scientific (i.e., disease-
centered, regarding diagnosis, prognosis, and treatment),
practical (i.e., healthcare system-centered), and personal
(i.e., patient-centered) uncertainty. Finally, locus refers
to where uncertainty resides—in the mind of a patient,
his/her healthcare provider, both, or neither. With the
present study, we focused on several sources of medical
uncertainty that are supported by a limited but growing
body of empirical research on their psychological effects
(described below), and examined these sources while
holding the other dimensions constant (issue: scientific
and locus: patient).

Han and colleagues’ [1] model provides a useful organiza-
tional framework for understanding the nature of medical
uncertainty but does not explicitly specify how different
sources of uncertainty influence people’s cognitions, emo-
tions, and decisions. However, different sources of uncertainty

Fig. 1 Sources of uncertainty
in healthcare, based on the
taxonomy proposed by Han,
Klein, and Arora [1]. In the
present study, the bolded
sources of uncertainty were
examined, with the other
proposed dimensions of
uncertainty, issue and locus,

do appear to have distinct effects. For example, probability
engenders distinct behavioral responses, such as risk seeking
or risk aversion, which vary depending on the magnitude of
probability and whether losses or gains are at stake [12]. At the
same time, ambiguity has characteristic effects that are distinct
from those of probability itself. People have been shown to
demonstrate “ambiguity aversion” [13] when presented with
risk information that is ambiguous (lacking in reliability,
credibility, or adequacy), such that they tend to form pessi-
mistic appraisals of these risks and avoid decision making.
Empirical evidence suggests that “ambiguity aversion” influ-
ences judgment and decision making in diverse contexts in-
cluding healthcare. For instance, perceptions of ambiguity
regarding cancer screening recommendations are associated
with lower perceptions of the preventability of cancer, greater
perceptions of cancer risk, and greater worry about cancer
[14]. Similarly, perceptions of ambiguity regarding contradic-
tory mammography recommendations have been shown to be
associated with lower intentions to use mammography, lower
future uptake of mammography, and greater mammography-
related worry [15]. Qualitative research has also suggested
that ambiguity regarding the benefits and risks of human
papillomavirus (HPV) vaccines interferes with Appalachian
women’s ability to make vaccination decisions; specifically,
women remain in decision-making limbo for extended periods
of time [16].

Although ambiguity is a distinct source of medical un-
certainty, past research has suggested that ambiguity itself is
not a unidimensional construct; rather, different kinds of
ambiguity exist and have differential psychological and
behavioral effects. Han and colleagues [1] noted that ambi-
guity can arise from imprecision in the estimates of an
action’s benefits or harms, a lack of information (i.e., miss-
ing or insufficient information from which to draw conclu-
sions), or conflict (i.e., disagreement or differences in the
interpretation of information) in expert opinions or scientific
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evidence. Ambiguity arising from conflict may have partic-
ularly strong effects. Smithson [17] has shown experimen-
tally that people are especially averse to ambiguity when it
arises from conflicting expert opinions as opposed to
conflicting scientific evidence. This demonstration of “con-
flict aversion” [17] suggests that ambiguity arising from
conflicting expert opinions may exert a more powerful
influence on people’s cognitions, emotions, and decisions
than other kinds of ambiguity or sources of uncertainty. For
example, exposure to conflicting online information from
various expert sources about a medical treatment has been
associated with a lower likelihood of choosing treatment
[18], and conflicting medication information from sources
such as physicians and the Internet has been associated with
medication non-adherence [19]. However, this possibility
has not been systematically examined, and little past re-
search has attempted to isolate the unique psychological
effects of different kinds of ambiguity and sources of un-
certainty in healthcare. Understanding these influences is
important given the frequency with which people are ex-
posed to conflicting or differing medical opinions and mes-
sages from the media, healthcare providers, and other
informational resources [4—7]. Investigating these effects
may inform the development of clinical communication
strategies or interventions that promote adaptive psycholog-
ical and behavioral responses to medical uncertainty.

The overarching aim of the present study was to address
this gap by exploring a health problem and decision-making
context with abundant sources of uncertainty. As an exam-
ple, we chose Fanconi anemia, a rare, inherited, bone mar-
row failure syndrome with complex and evolving treatment
options. Fanconi anemia has an incidence of approximately
1 per 130,000 births, and is associated with characteristic
birth defects, aplastic anemia (bone marrow failure), hema-
tologic malignancies, and solid tumors at early ages
[20-22]. The greatest increase in risk of severe bone marrow
failure commonly occurs in childhood through age 20, acute
myeloid leukemia in the teenage years through age 30, and
solid tumors from ages 20 and older [23].

Although no cure exists for Fanconi anemia, several
treatment options are available for managing hematologic
complications. One treatment considered by many patients,
as well as their parents and families given the early age of
onset for Fanconi anemia-related complications, is hemato-
poietic stem cell transplantation. The decision to undergo
transplant is extremely complicated and difficult, due in part
to uncertain probabilities of its net benefits and harms. Stem
cell transplantation can cure the bone marrow failure asso-
ciated with Fanconi anemia, but is physically and psycho-
logically demanding [24-26]. Stem cell transplantation has
a substantial risk of morbidity and mortality, and although
transplant protocols have improved in recent years, the toxic-
ity of pre-transplantation conditioning regimens involving
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radiation and/or chemotherapy as well as the potential post-
transplant complications of acute or chronic graft-versus-host
disease may increase Fanconi anemia patients’ subsequent
risk of developing solid tumors [27-30].

Furthermore, ambiguity exists due to both lack of
information and conflicting expert opinions about the
appropriate pre-transplantation conditioning regimen and
transplantation protocol. There is insufficient evidence to
inform these decisions because Fanconi anemia is so rare
that the numbers of patients in any given protocol are
small [31]. Consequently, there are also no clear-cut
guidelines and expert opinion varies regarding the appro-
priate time to undertake transplant. Rather, a number of
factors must be weighed including disease stage (e.g.,
early aplastic anemia versus myelodysplastic syndrome
or acute myeloid leukemia), use of alternative treatments
including androgens (which can manage aplastic anemia
but are not curative), hematopoietic stem cell source and
degree of donor and patient human leukocyte antigen
match, patient age, infectious complications, and existing
institutional protocols [27, 32]. Patient psychosocial
needs must also be considered, as transplantation consti-
tutes a major life disruption in terms of school or work,
family functioning, and interactions with peers, and can
lead to social isolation, physical changes, interruptions in
identity development, and associated late and potentially
long-term chronic effects of treatment [32—34]. Thus, the
sources of uncertainty that exist in this decision-making
context are numerous, ranging from the probabilities of
potential harms and benefits of stem cell transplantation,
to ambiguity arising from a lack of information and
conflicting expert opinions and scientific evidence.
These uncertainties are likely to emerge whenever dis-
ease treatment options are limited and evolving; there-
fore, these characteristics make Fanconi anemia an ideal
context for exploring effects of different sources of un-
certainty on treatment decision making.

The Present Study

The effects of different sources of medical uncertainty on
people’s cognitive, emotional, and decision-making out-
comes have yet to be systematically examined. The primary
objectives of this study were to examine how different un-
certainties are associated with treatment decision making in
the model disorder of Fanconi anemia, and to identify psy-
chosocial factors that may influence these associations. We
investigated responses among parents of Fanconi anemia
patients to several sources of uncertainty related to stem cell
transplantation: probability, ambiguity due to a lack of in-
formation, ambiguity due to conflicting expert opinions, and
ambiguity due to conflicting scientific evidence.
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Based on previous scientific literature, we predicted that,
in general, greater perceptions of uncertainty regarding
transplant among parents would be associated with a lower
likelihood of choosing transplant, as well as greater diffi-
culty in making this treatment decision. We conducted ex-
ploratory analyses to determine whether any significant
associations between specific sources of uncertainty and
treatment decision-making outcomes could be mediated by
other psychological factors including the perceived risk of
harms of stem cell transplantation, concern about harms of
transplantation, and the perceived necessity of transplanta-
tion. Such cognitive (i.e., perceived risk and necessity) and
affective (i.e., concern) factors have been shown to indepen-
dently influence health-related decision-making outcomes
[35-37]. Although a cross-sectional study cannot test tem-
poral mediation [38], it allows exploration of new hypothe-
ses, particularly when there is theoretical or empirical
justification for these hypotheses [39]. The hypothesized
relationships explored in this study are based on theory
and evidence on the phenomenon of “ambiguity aversion”
which has been demonstrated with both cross-sectional [14]
and longitudinal [15] investigations, and the influence of
cognitive and affective factors on transplant treatment de-
cisions in Fanconi anemia families [40]. We hypothesized
that, in general, greater perceived uncertainty would be
associated with lower perceived necessity of transplant and
greater perceived risk and concern about harms of transplant
(consistent with “ambiguity aversion”), which in turn would
be associated with a lower likelihood of choosing transplant
as well as with greater difficulty in making this treatment
decision.

Methods
Participants

In November 2007, participants were recruited into the
study from family support organizations in the USA
(Fanconi Anemia Research Fund) and Canada (Fanconi
Canada). These organizations mailed surveys to 905 mem-
bers of registered families representing 451 individual
Fanconi anemia patients. Individuals who did not respond
to the first mailing were sent a second survey 2 months later.
Self-report surveys were completed separately by mothers,
fathers, adult Fanconi anemia patients (18 years or older at
the time of the study), and spouses/significant others of
adult patients. For the present study, eligibility was restrict-
ed to parents of a patient that had been offered stem cell
transplantation. This study was approved by the National
Cancer Institute Institutional Review Board (NCI protocol
02-C-0052), and is registered in www.clinicaltrials.gov
(NCT00027274).

Measures

Sources of perceived uncertainty were assessed with a four-
item scale designed for the present study based on a review
of the literature and investigator expertise regarding stem
cell transplant in Fanconi anemia. Cognitive testing
consisting of individual interviews with 18 healthy volun-
teers was used to evaluate and refine the items to ensure
comprehensibility. Each item was designed to assess re-
spondents’ perceptions of a unique source of uncertainty in
Fanconi anemia (abbreviated as “FA” in all items): proba-
bility (“even if transplant was helpful for most other FA
patients, it may not have been helpful for me/my child”),
ambiguity due to a lack of information (“at the time, doctors
seemed to have enough scientific evidence to recommend
transplant for FA patients;” item was reverse-scored), ambi-
guity due to conflicting expert opinions (“doctors had dif-
fering views about whether FA patients with bone marrow
failure should undergo transplant”), and ambiguity due to
conflicting scientific evidence (“at the time, research find-
ings about the benefits and harms of transplant seemed to be
‘all over the map””’). Responses to each item were made on a
four-point scale ranging from 1="“strongly disagree” to
4="strongly agree”; higher values indicate greater perceived
uncertainty due to each source. The four-item scale had poor
internal consistency (Cronbach’s «=0.49), confirming the
items’ conceptual independence and thus need to analyze
each item individually.

Perceived risk of harms of stem cell transplantation was
assessed with an 11-item scale designed by study investiga-
tors to measure cognitive beliefs regarding the likelihood of
various adverse side effects of transplant (e.g., infection,
post-transplant cancer). Items were designed to be similar
in phrasing to the other scale measures used in this study
(e.g., concern about harms of stem cell transplantation), and
used a similar response scale. Respondents indicated how
likely they thought it was that the patient would experience
each of these side effects on a four-point scale ranging from
1="very unlikely” to 4="very likely.” Items were averaged
to produce a mean scale score; higher values indicate greater
perceived risk. Exploratory factor analysis supported the
unidimensionality of this scale, and it was internally reliable
(Cronbach’s a=0.83).

Concern about harms of stem cell transplantation was
assessed with nine items from the ten-item concerns
subscale of the Beliefs about Medicines Questionnaire
(BMQ; 35), adapted to address emotional worries about
potential harms of transplant. Although the original scale
included one item assessing concern regarding “uncer-
tainties about the transplant procedure,” this item was omit-
ted to protect against biased estimates of any associations
between sources of perceived uncertainty and concern. For
each item, respondents indicated how concerned or worried
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they were about issues such as emotional side effects and
long-term medical complications of transplant on a four-
point scale ranging from 1="not at all” to 4="a great deal.”
Items were averaged to produce a mean scale score; higher
values indicate greater concern (Cronbach’s a=0.78).

Perceived necessity of stem cell transplantation was
assessed with a five-item scale adapted from the perceived
necessity subscale of the BMQ [35]. Respondents indicated
how much they agreed with beliefs such as that the patient’s
future health would depend on undergoing transplant.
Responses were made on a four-point scale ranging from
1="not at all” to 4="a great deal.” Items were averaged to
produce a mean scale score; higher values indicate greater
perceived necessity (Cronbach’s av=0.78).

Outcome variables included the decision to undergo stem
cell transplantation and decision-making difficulty. Decision
to undergo stem cell transplantation was assessed with a
single item which asked “did the patient have a transplant?”’
Responses were coded as 0="no” and 1="yes.” Decision-
making difficulty was assessed with a single item; respon-
dents indicated how much they agreed with the statement
“the decision about undergoing transplant was difficult to
make” on a four-point scale ranging from 1="strongly dis-
agree” to 4="strongly agree.”

Demographic and medical variables assessed with the
survey were treated as potential covariates and included the
patient’s vital status at time of survey completion, gender,
country of birth, age at time of Fanconi anemia diagnosis,
primary reason for needing transplant, and the number of
individuals involved in the transplant decision. For descrip-
tive purposes, data regarding the respondent’s relationship
to the patient, identity of the person(s) responsible for mak-
ing the transplant decision, and patient age at time of trans-
plant were also examined.

Data Analysis

Data were examined for missing values using SPSS 19.0
Missing Values statistical analysis software. Missing values
were not differentially related to any theoretically important
variables (e.g., patient vital status at time of survey).
Surveys with >20 % missing items for any component scale
variables were excluded from analysis (2=9). Because the
sampling strategy allowed for survey responses from multi-
ple decision-makers per patient (i.e., mother and father), the
data were correlated at the family unit level and violated the
assumption of independence 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 19.0 Complex Samples statistical
analysis software, which used Taylor linearization to com-
pute accurate standard errors for statistical testing. This
technique allowed for the inclusion of all decision-makers
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per patient, thereby maximizing the size of the analytic
sample while protecting against inaccurate variance esti-
mates that could arise from such a complex sampling
design.

Descriptive statistics and bivariate correlations among
study variables were computed, and analyses were conducted
to test each of the study hypotheses. All analyses were adjust-
ed to correct for the effects of potential confounding demo-
graphic and medical variables including patient’s vital status,
gender, country of birth, age at Fanconi anemia diagnosis,
primary reason for needing transplant, and number of individ-
uals involved in the transplant decision. Multivariable linear
regression was used to examine whether each source of per-
ceived uncertainty was associated with transplant decision-
making difficulty; multivariable logistic regression was used
to determine whether perceived uncertainty was associated
with the decision to undergo stem cell transplantation. All
statistical tests were two-tailed with a=0.05.

We also conducted exploratory mediational analyses to test
whether the observed associations were consistent with a mul-
tiple mediator model (Fig. 2). Consistent with convention [41],
paths a;_; represent the direct effects of perceived uncertainty
on the proposed cognitive and affective mediators, and paths
b;_; represent the direct effects of the mediators on the decision
outcome variables. The total effect of uncertainty on decision
outcomes is represented by path ¢, and path ¢’ is the direct
effect of uncertainty on decision outcomes controlling for the

a
Source of c Decision
Perceived Outcome
Uncertainty Variable
b
Perceived
a; Risk b,
Source of c’ Decision
Perceived Outcome
Uncertainty Variable
a, b,
as Concern b
Perceived
Necessity

Fig. 2 General proposed mediational model for association between
sources of perceived uncertainty about stem cell transplantation and
transplantation decision outcomes in parents of Fanconi anemia
patients. a Sources of perceived uncertainty are hypothesized to be
associated with the decision outcome variables. b Sources of perceived
uncertainty are hypothesized to exert indirect effects on the decision
outcome variables through the cognitive and affective mediators
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mediators. The indirect effects are exerted through the pro-
posed mediators. Multivariable linear regression was used to
derive coefficients for the effects of perceived uncertainty on
decision-making difficulty through the proposed mediator var-
iables of perceived risk, concern, and perceived necessity
(tested simultaneously). Logistic regression was used to derive
coefficients for the effects of perceived uncertainty on the
decision to undergo transplant through the proposed mediators
(for these analyses, the potential mediators were dichotomized
with a median split). These coefficients were used to compute
point estimates for the indirect effects (i.e., the effects of
uncertainty on decision outcomes through the potential medi-
ators). The Monte Carlo method [42] was used to compute
95 % confidence intervals (Cls) for the indirect effects. The
Monte Carlo method involves directly generating sample sta-
tistics (i.e., point estimates) based on the joint asymptotic
distribution of the component statistics to obtain multiple
estimates of the indirect effects. The Monte Carlo method is
comparable to other accepted approaches to CI construction
(e.g., bootstrapping), and is appropriate for data obtained
through a complex sampling design [42]. A web-based
Monte Carlo calculator [43] was used with R statistical analy-
sis software to compute the 95 % ClIs based on 20,000 simu-
lated draws for the simple indirect effects (i.e., the effect of a
source of uncertainty on a decision outcome variable through a
single potential mediator) and the total indirect effects (i.e., the
effect of a source of uncertainty on a decision outcome variable
through all three potential mediators). Significance of the
indirect effects is based upon 95 % Cls that exclude zero.

Results

Surveys were received from 398 individuals (response rate:
44 %). Of these, 200 were from parents of patients who had
been offered transplant, and were thus eligible for the pres-
ent study. A total of 22 cases with substantial missing data
for the study variables (inclusive of the 9 cases noted above
with missing scale items) were excluded, resulting in an
analytic sample of 178 parents who provided complete re-
sponses about their decision-making experiences regarding
126 individual Fanconi anemia patients.

Respondent and Fanconi Anemia Patient Characteristics

As shown in Table 1, most survey respondents (88 %)
reported that the patient had received a stem cell transplant.
The majority of respondents (61 %) were mothers of patients.
Mothers (88 %) and fathers (80 %) were most frequently
endorsed as a person responsible for making the transplant
decision, with patients (10 %) and other individuals (8 %)
endorsed as decision makers less frequently. Fanconi anemia
patient characteristics are shown in Table 2; there were no

significant differences in any medical or demographic charac-
teristics between those patients who chose transplant and
those who did not. A majority of patients were alive at the
time of the survey (65 %), were born in the USA (83 %), and
had been offered transplant due to aplastic anemia (68 %).

Sources of Perceived Uncertainty and Decision-Making
Outcomes

Descriptive statistics and bivariate correlations between study
variables are shown in Table 3. Respondents endorsed (on
scales ranging from 1 to 4) moderate perceptions of: ambigu-
ity due to conflicting scientific evidence about stem cell
transplant (M=2.47, SD=0.95), the probabilistic effectiveness
of transplant (M=2.21, SD=1.07), and ambiguity due to
conflicting expert opinions about transplant (M=2.01,
SD=1.01). Respondents perceived somewhat less ambiguity
due to a lack of information about transplant (M=1.64,
SD=0.89).

We hypothesized that for each source of uncertainty, greater
perceptions of uncertainty would be associated with both lower
likelihood of choosing stem cell transplant, and with greater
difficulty in making this treatment decision. Multivariable lo-
gistic regression models, adjusting for patient vital status, gen-
der, country of birth, age, reason for needing transplant, and
number of individuals involved in the transplant decision
showed that respondents’ perceptions of probability were asso-
ciated with their decision to undergo transplant (adjusted
OR=0.50, 95 % CI=0.30 to 0.83, p=0.008). That is, consistent
with predictions, greater perceptions of the probabilistic effec-
tiveness of transplant were associated with decreased odds of
choosing to undergo transplant. However, there was no
significant association between probability and respondents’
decision-making difficulty (adjusted 5=0.13, p=0.17).
Perceived ambiguity due to a lack of information was associat-
ed with neither the decision to undergo transplant (adjusted
OR=0.80, 95 % CI=0.50 to 1.28, p=0.36), nor respondents’
decision-making difficulty (adjusted 5=0.09, p=0.42).
Respondents’ perceptions of ambiguity due to conflicting ex-
pert opinions were not significantly associated with their deci-
sion to undergo transplant (adjusted OR=0.82, 95 % CI =0.55
to 1.22, p=0.32), although they were significantly associated
with greater decision-making difficulty (adjusted 5=0.26,
p=0.002). Perceived ambiguity due to conflicting scientific
evidence was not associated with the decision to undergo
transplant (adjusted OR=0.72, 95 % CI=0.45 to 1.15,
p=0.16), nor with decision-making difficulty (adjusted
£=0.02, p=0.85).

Exploratory Mediation Analyses

The pattern of results regarding how different sources of
uncertainty were associated with decision outcomes
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Table 1 Respondent characteristics (n =178)

Patient had transplant
(n=156) n (column %)

Patient did not have transplant
(n=22) n (column %)

Total (n=178)n  p*
(column %)

Respondent’s relationship to patient

Mother 94 (60)
Father 62 (40)
Person responsible for transplant decision”

Mother 137 (88)
Father 126 (81)
Patient 14 (9)
Other 13 (8)
Number of individuals involved in transplant decision ~ 1.86

15 (68) 109 (61) 0.41
7(32) 69 (39) 0.41
19 (86) 156 (88) 0.74
16 (73) 142 (80) 0.40
3 (14) 17 (10) 0.45
2 (9) 15 (8) 1.00
1.82 1.85 0.77°

*Pearson chi-square significance tests used to compute p values unless noted

® Column percentages do not total 100 % because respondents could endorse more than one person as responsible for the decision

1 test used to compute p value

elucidated specific areas for further investigation through
exploratory mediation analyses. We accordingly examined
whether the cognitive factors of perceived risk and perceived
necessity of stem cell transplantation, and the affective factor
of concern about harms of stem cell transplantation could
mediate the observed significant associations between: (1)
perceived probability and the decision to undergo transplant;
and (2) perceived ambiguity due to conflicting expert opinions
and decision-making difficulty. The direct paths from these
two sources of uncertainty to the proposed mediators and from
the mediators to the decision outcomes are shown in Table 4;

Table 2 Patient characteristics (n=126)

the Monte Carlo-computed 95 % Cls for the simultaneously
tested indirect effects are shown in Table 5.

After adjusting for the effects of demographic and medical
variables, results were consistent with the proposed
meditational model such that the set of cognitive and affective
factors mediated the association between perceived probability
and the decision to undergo transplant. The total and direct
effects of probability were —0.7010 (p=0.008), and —0.5170
(p=0.08), respectively. The total indirect effect through the
three mediators was —1.0235, Monte Carlo 95 % CI=—2.2520
to -0.0711 (note that the total indirect effect does not equal the

Patient had transplant

(n=108) n (column %)

Patient did not have transplant
(n=18) n (column %)

Total (n=126) n P
(column %)

Alive at time of survey (yes) 72 (67)
Gender (female) 54 (50)
Country of birth

USA 88 (82)
Canada or other 20 (19)

Median age at diagnosis of Fanconi anemia® 4.8 (range, 0.0-18.3)

Median age at transplant” 8.5 (range, 1.7-33.5)

Major reason for offer of transplant

Aplastic anemia 75 (69)
Myelodysplastic syndrome 7(7)
Leukemia 6 (6)
Unknown 0 (0)
Other 20 (19)

10 (56) 82 (65) 0.36
5(28) 59 (47) 0.08
0.30
17 (94) 105 (83)
1 (6) 21 (17)
4.6 (range, 0.0-12.1) 4.8 (range, 0.0-18.3) 0.84°¢
10 (56) 85 (68) 0.24
1 (6) 8 (6) 1.00
1 (6) 7 (6) 1.00
1 (6) 1(1) -
5(28) 25 (20) 0.21

Dashes indicate that either data were not collected for a characteristic or that a p value was not computed due to inadequate cell size

#Pearson chi-square significance tests were used to compute p values unless noted

® Age in years

1t test used to compute p value

9Due to variable frequencies, for analyses this variable was recoded as 0=myelodysplastic syndrome/leukemia/unknown/other, 1=aplastic anemia
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Table 4 Direct paths from sources of perceived uncertainty to mediators, and from mediators to decision outcome variables (n=178)

Mediators

Direct paths from source of uncertainty to mediators

Direct paths from mediators to outcome variable

b SE t

p b SE t P

Predictor variable = probability; outcome variable = decision to undergo transplant

Perceived risk® 0.30 0.15 1.91
Concern® 0.50 0.17 2.96

Perceived necessity® -0.07 0.17 -0.39

Predictor variable = ambiguity due to conflicting expert opinions; outcome variable = decision-making difficulty

Perceived risk 0.11 0.04 2.77
Concern 0.08 0.04 2.14

Perceived necessity —-0.06 0.04 —1.45

0.06 —0.31 0.54 —0.56 0.57
0.004 -1.73 0.73 —2.38 0.02
0.70 1.10 0.55 1.99 0.05
0.007 0.15 0.18 0.83 0.41
0.03 0.47 0.15 3.11 0.002
0.15 —0.21 0.16 -1.37 0.17

*For these analyses, the variable was dichotomized based on a median-split. The lower category of the variable (e.g., lower perceived risk) is the
reference group for these analyses. Thus, the regression coefficients can be interpreted as the values for the higher category of the variable (e.g.,

higher perceived risk)

difference between the total and direct effects due to differences
in the scales of these values when using logistic regression and
a dichotomous outcome variable [41]). When specific indirect
effects were examined, only concern about harms of transplant
remained a significant mediator after controlling for perceived
risk and necessity (point estimate=—0.8620, Monte Carlo 95 %
CI=—1.9510 to —0.1020). As predicted, greater perceptions of
the probabilistic effectiveness of transplant were associated
with increased odds of experiencing high levels of concern,
which in turn was associated with decreased odds of choosing
to undergo transplant. Additionally, there was a greater odds
of choosing to undergo transplant when the patient needed
transplant due to aplastic anemia as opposed to other reasons
(p=0.03).

Consistent with the proposed meditational model, ad-
justed analyses suggested that the set of cognitive and
affective factors could also mediate the association

between perceived ambiguity due to conflicting expert
opinions and decision-making difficulty. The total and
direct effects of ambiguity due to conflicting expert
opinions on decision-making difficulty were 0.2610, p=
0.002, and 0.1940, p=0.02, respectively. The difference
between the total and direct effects was the total indirect
effect through the three mediators (point estimate=
0.0673, Monte Carlo 95 % CI=0.0055 to 0.1408).
When specific indirect effects were examined, only con-
cern about harms of transplant remained a significant
mediator after controlling for the other potential media-
tors (point estimate=0.0374, Monte Carlo 95 % CI=
0.0020 to 0.0866). Consistent with our predictions, great-
er perceptions of ambiguity due to conflicting expert
opinions about transplant were associated with greater
concern about transplant, which in turn was associated
with greater decision-making difficulty. Additionally, less

Table 5 Mediation of the indirect effects of sources of perceived uncertainty on decision outcome variables through the proposed mediators

(n=178)

Mediator Point estimate Monte Carlo 95 % confidence interval
Lower Upper

Predictor variable = probability; outcome variable = decision to undergo transplant

Total indirect effect of predictor on outcome through mediators —-1.0235% -2.2520 -0.0711

Perceived risk —0.0903 —-0.5210 0.2445

Concern —0.8620* -1.9510 —0.1020

Perceived necessity -0.0712 —0.5483 0.3326

Predictor variable = ambiguity due to conflicting expert opinions; outcome variable = decision-making difficulty

Total indirect effect of predictor on outcome through mediators 0.0673* 0.0055 0.1408

Perceived risk 0.0169 —0.0244 0.0674

Concern 0.0374* 0.0020 0.0866

Perceived necessity 0.0130 —0.0088 0.0489

 Confidence intervals that exclude zero are considered to be statistically significant
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decision-making difficulty was reported when the patient
was born in the USA and needed the transplant due to
aplastic anemia (p<0.04).

Discussion

The majority of Fanconi anemia patients and their families
will face the challenging decision of whether to undergo stem
cell transplantation as a means of treating hematologic com-
plications of the disease. The difficulty in making this decision
comes from a variety of uncertainties arising from multiple
sources. The present study is the first to systematically exam-
ine the unique associations of these various uncertainties with
Fanconi anemia parents’ decision-making experiences.
Results suggest that different uncertainties may have different
effects on Fanconi anemia treatment decisions.

As hypothesized, greater perceived probability—the per-
ception of future outcomes as random or indeterminate—was
associated with a lower likelihood of choosing transplant;
however, it was not associated with decision-making difficul-
ty. The choice of stem cell transplantation requires families to
weigh diverse, patient-specific medical, psychosocial, and
institutional factors in the face of limited empirical data on
the influence of these factors on patient outcomes. This results
in substantial uncertainty about the net benefits and harms of
transplant for individual Fanconi anemia patients. Our data
suggest a preference or bias against intervention when uncer-
tainty arises from probability; however, the mechanisms of
this bias favoring the status quo are unclear. On the one hand,
it could reflect a pessimistic focus on the unknown, potentially
painful, long-term, or lethal complications of transplant. On
the other hand, this bias could reflect an optimistic focus on
individual characteristics that may lower patients’ risks for
adverse health outcomes (thus undermining the need to pro-
ceed to transplant) but that are unaccounted for in experts’
prognostic estimates. In these ways, perceived probability
may serve to facilitate the influence of either pessimistic or
optimistic motivations and appraisals that both promote a
preference for the status quo and against intervention. More
research is needed to test these and other potential explana-
tions for our findings.

As predicted, greater perceived ambiguity due to conflicting
expert opinions was associated with greater difficulty in making
the transplant decision. This finding is consistent with reports of
the key roles played by medical professionals in this context
[40, 44]. Because of the high-stakes nature of the transplant
decision, Fanconi anemia families may rely heavily on expert
opinion or may even prefer to delegate decision-making au-
thority to clinicians, in spite of efforts aimed at promoting
patient participation and shared decision making. If families
perceive the opinions of these experts to be in conflict, their
decision making may understandably become more difficult—

consistent with our finding of an association between perceived
ambiguity due to conflicting expert opinions and parents’ trans-
plant decision-making difficulty. This finding is also consistent
with research on “conflict aversion” [17], which demonstrates
that people are particularly averse to situations where ambiguity
arises due to perceived conflict or disagreement among experts.
However, perceived ambiguity due to conflicting expert opin-
ions was unrelated to parents’ actual choice of transplant. The
reasons are unclear, but may reflect the real or perceived ab-
sence of other viable treatment options.

Contrary to our hypotheses, other sources of uncertainty
including ambiguity due to a lack of information and ambi-
guity due to conflicting scientific evidence were associated
with neither decision-making difficulty nor the transplant
decision itself. This suggests that uncertainty regarding re-
search evidence—as opposed to expert opinions—may be less
relevant to parents’ decision making. This finding may be
attributable to the limited nature of the evidence; however, it
is also possible that Fanconi anemia families struggle with
using existing empirical evidence to inform their transplant
decision. Risk communication research confirms that
interpreting such evidence, particularly evidence that is nu-
merical in nature, is challenging for many people [45].
Additionally, parents of Fanconi anemia patients are likely to
be under a great deal of stress due to the substantial cognitive,
emotional, and practical demands of the disease and treatment
[44]. These stressors may limit both the ability and opportu-
nities for Fanconi anemia families to interpret research evi-
dence, and may cause them to rely less on the evidence and to
be less concerned by its associated ambiguities. Instead, they
may rely on the opinions of trusted healthcare providers.
These and other possibilities need to be explored.

Our exploratory mediational analyses provide insight
into mechanisms that may underlie the observed associa-
tions between probability and the transplant decision, and
between ambiguity due to conflicting expert opinions and
transplant decision-making difficulty. Results suggested
that Fanconi anemia parents’ emotional concerns about
harms of transplant could significantly mediate both as-
sociations. Thus, parents’ emotional reactions to uncer-
tainties regarding transplant, as opposed to their cognitive
perceptions of risk or necessity, appear to be a critical
factor in their decision-making experiences. This finding
is consistent with theoretical and empirical work demon-
strating that emotions have greater influence than cogni-
tions on health-related behaviors [46, 47], and that
emotions such as fear and anxiety are associated with
risk-averse behavioral choices [48, 49]. Our findings sug-
gest that emotional concerns are important in the Fanconi
anemia decision-making context; however, several ques-
tions remain. It is not clear whether other emotional re-
sponses that could occur in this context, such as sadness,
frustration, or anger, might also play a role in mediating
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effects of uncertainties on decision making. Reciprocal
relationships between cognitions and emotions may also
exist [46], further complicating these processes. Elucidating
these relationships and the mechanisms through which vari-
ous uncertainties affect decisions and behaviors will require
future longitudinal investigations of the transplant decision-
making process.

Limitations, Strengths, and Future Directions

Several sources of bias may have influenced these results.
Participants were recruited from Fanconi anemia support
organizations in the USA and Canada, and were likely
highly motivated individuals who may not be representative
of all Fanconi anemia families (44 % response rate, and no
data on non-respondents were available). Furthermore, a
minority of our sample chose not to undergo transplant
(n=22 respondents for 18 patients). The frequency with
which Fanconi anemia families choose not to undergo trans-
plant is not documented, thus it is not possible to determine
to what extent the present sample is the result of selection
bias, or to what extent these findings would generalize to
other families with Fanconi anemia, or to families with other
disorders in which transplant is a treatment option and
similar sources of uncertainty exist. In addition, participants
provided retrospective reports of their transplant decision-
making experiences, which may have been subjected to
recall bias. Although analyses were adjusted for the effects
of medical and sociodemographic factors that may have
influenced participants’ responses (e.g., patient vital status),
these variables were limited in scope and derived from self-
reported data. Another limitation is the use of single-item
measures to assess sources of uncertainty. Such measures
lack the statistical reliability of a well-validated scale; how-
ever, given that no such scales exist, we developed and
refined items through cognitive testing in order to capture
uncertainties specific to the Fanconi anemia context. Such
single-item measures of psychosocial constructs (e.g., can-
cer risk, worry) have been shown to be strong predictors of
behavioral outcomes in other contexts [47, 50, 51]. Finally,
this was a cross-sectional study involving multiple compar-
isons with a modest sample size; therefore, it is not possible
to draw firm conclusions about causal directions and medi-
ating effects. Although our results are consistent with avail-
able theory and evidence, further longitudinal and
experimental studies are needed to confirm our findings
with validated measures perhaps supplemented by patient
medical records in larger samples of Fanconi anemia fami-
lies (to the extent possible given the rarity of this disorder).
Thus, our findings are best viewed as preliminary,
hypothesis-generating results that provide a valuable foun-
dation for future investigations of Fanconi anemia parents’
treatment decision making, as well as decision-making

@ Springer

processes in other disease contexts where treatment options
are evolving and uncertainty is abundant.

In spite of these limitations, our study is the first to system-
atically explore associations between different sources of med-
ical uncertainty and treatment decision making. It adds to the
limited body of work on psychosocial aspects of Fanconi
anemia, and furthers understanding of the many uncertainties
that exist in healthcare [1]. This study is the first, to our
knowledge, to use context-specific measures that captured
unique sources of uncertainty, concerns about stem cell trans-
plantation, perceptions of risks of transplantation, and percep-
tions of necessity of transplantation among Fanconi anemia
parents in this decision-making context. Finally, these results
have important implications for clinical care. Clinicians’ ap-
proaches to communicating complex and uncertain medical
information can play a critical role in shaping patients’ treat-
ment preferences [52]. These results corroborate the role of
clinicians in providing Fanconi anemia families with guidance
in the transplant decision, and suggest that conflict in expert
recommendations can lead to distress and contribute to the
difficulty of the decision. Uncertainty arising from the inability
to predict probabilities of benefits and harms of transplant for
individual patients compounds the challenges of this choice.
These findings are perhaps not surprising; however, they rep-
resent empirical evidence that underscores the need for Fanconi
anemia clinicians to make their recommendations transparent
and consistent to the greatest extent possible, and to reinforce
the randomness or indeterminacy of the outcomes of a// treat-
ment options—transplant as well as conservative management.
These uncertainties cut both ways; from a normative standpoint
they do not favor one action or another (transplant versus no
transplant). Somehow making this clear to families may be the
most—and the best—that clinicians can do in supporting the
decisions of Fanconi anemia families. Furthermore, efforts
should be taken to help Fanconi anemia families prepare over
time for the communication and informational challenges they
will face; doing so may allow families and clinicians to effec-
tively work together to make treatment decisions that reflect
parental and patient preferences, patient needs, and available
medical knowledge [52, 53].

Our study raises intriguing questions and endorses the
value of future research on uncertainty in healthcare. Future
investigations would benefit from not only a longitudinal
design that allows for a deeper analysis of the temporal
nature of the treatment decision-making process but also
from more nuanced evaluations of medical uncertainty and
the various responses it could engender, including emotional
responses. Such studies should examine the full spectrum
of sources, issues, and loci of uncertainty that exist in
healthcare [1], and which may be relevant to the transplant
decision in Fanconi anemia. Future studies should also
investigate how Fanconi anemia families discuss and devel-
op a shared understanding of medical uncertainty. Past work
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suggests that open communication has benefits for the ad-
justment and well-being of families facing transplant de-
cisions [26], yet it is unknown whether this would hold
true for types of uncertainty and Fanconi anemia treatment
decisions. Future studies should also examine whether the
effects of different sources of medical uncertainty differ
between Fanconi anemia parents and the patients undergo-
ing treatment. This is an important area of investigation
because people’s decision-making preferences and tolerance
of risk can differ depending on whether they are choosing
for themselves or others [54].

Conclusions

Medical uncertainty abounds in the stem cell transplant
decision-making process. Findings of the current study sug-
gest that Fanconi anemia parents’ transplant treatment deci-
sions are differentially influenced by different uncertainties—
most notably the probabilistic nature of future outcomes and
ambiguity due to conflicting expert opinions. Parents’ emo-
tional reactions to such uncertainties may mediate the effects
of these uncertainties on decision-making outcomes. The na-
ture of Fanconi anemia and current state of empirical evidence
regarding stem cell transplantation in this context ensures that
uncertainty will continue to be a pervasive challenge for both
families and their healthcare providers. Further research is
needed to better understand how to support decision making
and help Fanconi anemia families cope with the many un-
certainties they face in dealing with this disease.
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