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Background. As new genomic technology expands the num-
ber of medical tests available to physicians and patients,
identifying gaps in our understanding of how best to com-
municate risk is increasingly important. We examined how
health literacy informs breast cancer survivors’ understand-
ing of and meaning assigned to recurrence risks yielded by
genomic tests. Methods. Study participants were posttreat-
ment female breast cancer survivors (N= 163) recruited at
a university breast cancer clinic. We assessed their health lit-
eracy (using REALM) and their interpretation of hypothetical
recurrence risk results from a genomic test, presented in sev-
eral verbal and numerical formats. Analyses controlled for
women’s objective recurrence risk, age, income, and race.
Results. Women with lower health literacy gave higher mean
estimates of recurrence risk for a hypothetical group of
women with early-stage breast cancer than did women with

higher health literacy (52% v. 30%, P< 0:001). Women with
lower health literacy also gave more variable estimates in
this and several other tasks. When making chemotherapy
decisions using risks presented in verbal formats, decisions
by women with lower health literacy were less sensitive to
the difference between low and high recurrence risk. Ease of
understanding of risk formats differed by health literacy.
Conclusions. Health literacy affected the meanings women
assigned to recurrence risk when presented in certain
formats. The greater variability in responding by women
with lower health literacy supports the hypothesis that they
have less precise mental representations of risk, but more
research is needed to rule out other possible explanations.
Key words: risk; relative risk; communication; decision
making; Oncotype DX. (Med Decis Making 2009;29:
157–166)

As the number of new medical tests increases,
identifying gaps in our understanding of risk

perception and risk communication is becoming
increasingly important. One issue that has been
little explored is the role that health literacy plays
in how people understand and interpret risk. In
the present article, we explore the correspondences

among health literacy, risk perception, and risk
communication. We focus in particular on commu-
nicating recurrence risk derived from new genomic
tests for breast cancer recurrence.

Evaluation of gene expression in breast cancer
tumor samples now permits more accurate cate-
gorization of recurrence risk than standard clinical
prognostic factors for patients with early-stage breast
cancer.1�3 One such test, Oncotype DX (Genomic
Health, Redwood City, CA), analyzes 21 genes derived
from an excised tumor to predict risk of recurrence for
some patients with early-stage breast cancer. This test
and others in development have important implica-
tions for risk communication and treatment decision
making, including whether to have adjuvant chemo-
therapy. Patients with low recurrence risk may choose
to avoid unnecessary treatments4,5 and, as a result,
reduce potential overtreatment.

An interesting natural experiment in risk communi-
cation is happening in clinical care in the United
States and Europe because commercially available
recurrence risk tests are presenting results in different
formats (as of summer 2008). MammaPrint (Agendia,
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Huntington Beach, CA), a test developed in Holland
and used in some clinical care in Europe, presents its
recurrence risk estimate in simple verbal terms (e.g.,
‘‘low risk’’). In contrast, Oncotype DX, a test devel-
oped and used in clinical care in the United States,
offers a complex sheet of risk data that includes
a numerical recurrence risk estimate (e.g., ‘‘6% risk’’)
with a 95% confidence interval that is translated to
a verbal descriptor (e.g., ‘‘low risk’’). Given that these
genomic tests are already in use, research is needed to
understand better how patients interpret commonly
used risk expressions.

Studies find wide variation in words different
people use to describe a given numerical expression
of risk and, similarly, a wide range of numbers used
to describe an equivalent risk presented in a verbal
format.6�13 Some research suggests that patients
find numerical expressions more trustworthy14 and
that they increase congruence in the treatment deci-
sions reached by different physicians.15 Researchers
have proposed several techniques to standardize
risk language,10,16 but there remains no universally
accepted language for matching risk numbers and
words.

One important consideration in risk communica-
tion is health literacy,17 defined as ‘‘the degree to
which individuals have the capacity to obtain, pro-
cess, and understand basic health information and
services needed to make appropriate health deci-
sions.’’18 Almost half of Americans have limited
literacy skills,19 a concern because, for example,
patients with lower health literacy have poorer com-
prehension of warning labels on prescription drugs.20

Lower levels of health literacy are also associated
with less knowledge about health and health care,
poorer health outcomes, and increased risk of hos-
pitalization.21 In the context of communicating recur-
rence risk, we have reported previously that breast
cancer patients with lower health literacy, compared
to those with higher health literacy, retained substan-
tially less information about genomic recurrence
risk testing, suggesting the potential of other difficul-
ties that patients may experience in processing health
information.22 It is natural to speculate that lower
health literacy women may also have poorer under-
standing of risk information than higher health liter-
acy women as well as different preferences for risk
presentation format.

The present study examined how health literacy
informs the way breast cancer survivors understand
risk, especially when communicated in different
formats. We hypothesized that women with higher
health literacy would have a more precise notion of

what risk means. Based on this hypothesis, we pre-
dicted that women with higher health literacy
would have less variability in the numbers and
words they used to describe and interpret risk. We
also predicted that women with higher health liter-
acy would express better understanding of different
risk formats than women with lower health literacy.
Last, we expected that the effect of health literacy on
risk format understandability would be stronger for
some formats. We examined these hypotheses in
a cross-sectional study of women previously treated
for early-stage breast cancer, the group for whom
Oncotype DX and other new recurrence risk tests
were developed.

METHODS

Participants

Eligible participants were adult women who met
the following criteria: English speaking, previously
diagnosed with stage I/II primary breast cancer, com-
pleted surgery, and either had not received or had
completed adjuvant chemotherapy. Patients who
were currently receiving hormone therapy (tamoxi-
fen) were eligible to participate in the study. Patients
were excluded if they were non-English speaking or
had a cancer recurrence, a life-threatening comorbid
disease, a second primary cancer diagnosis, metasta-
sis, or a history of serious psychiatric illness.

Procedures

Interviews were conducted between February
and August 2005 at the University of North Carolina
Breast Center. Eligible patients were mailed letters 2
weeks before their next scheduled appointments,
inviting them to participate in the study. The letter
included a form for patients to agree to be contacted
at the Center during their regular appointments or to
decline to participate. Patients who did not mail
back the form were approached in the Center by
trained research assistants and asked again to partic-
ipate. Patients who agreed to participate received
an oral and written introduction describing a new
recurrence risk test that was roughly equivalent to
Oncotype DX. For the exact text, see Lillie and
others (2007), a paper that examines the relationship
between health literacy and recall of test results and
decision-making styles.22 They next completed
a health literacy assessment and self-administered
questionnaire. The Institutional Review Board of the
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University of North Carolina approved the study
protocol and materials. All participants provided
written informed consent.

Measures

Health Literacy

We assessed health literacy using the Rapid Esti-
mate of Adult Literacy in Medicine (REALM),20

which requires people to read aloud 66 health-
related words of increasing complexity. Any mis-
pronunciation or skipping of a word counted as
incorrect, in accordance with recommended scoring
procedures.

Understanding Recurrence Risk

Estimating recurrence risk. Participants estimated
how many of a hundred women just diagnosed with
early-stage breast cancer would have their cancers
recur in the next 5 years. They responded using
a visual analog scale labeled from 0 to 100, and we
converted their responses to percentages.

Interpreting own recurrence risk. Participants viewed
a scenario in which they hypothetically had a ‘‘low’’
recurrence risk and another in which they hypothet-
ically had a ‘‘high’’ recurrence risk. Women pro-
vided a percentage equivalent for each verbal risk
term using a response scale labeled from 0% to
100% chance of recurrence.

Interpreting others’ recurrence risks. Two case vign-
ettes about a fictitious person further explored word-
percentage correspondence. The first case vignette
described a woman as having either a ‘‘6%’’ or
a ‘‘35%’’ risk for recurrence. Participants provided
a verbal equivalent using a 5-point response scale
labeled from ‘‘very low chance’’ to ‘‘very high chance’’
of recurrence with the midpoint labeled ‘‘moderate
chance.’’ The second case vignette described the
woman as having either a ‘‘low’’ or a ‘‘high’’ risk for
recurrence. Participants provided a percentage equiva-
lent using a response scale labeled from 0% to 100%
chance of recurrence. Women received one of 2 ran-
domly assigned combinations of the case vignettes:
either ‘‘6%’’ risk in the first vignette followed by
‘‘high’’ risk in the second, or ‘‘35%’’ risk in the first
vignette followed by ‘‘low’’ risk in the second.

Impact of recurrence risk results. In the case vign-
ettes about a fictitious person, we asked whether
respondents believed the patient should have

chemotherapy (response options: ‘‘no,’’ ‘‘maybe,’’
and ‘‘yes’’).

Ease of Understanding Risk
Communication Formats

Six questions assessed women’s beliefs about how
easy it would be to understand recurrence risk pre-
sented in 6 formats. We presented the 6 risk commu-
nication formats using the following text:

1) Words showing your chances. Such as, ‘‘The chance
that your cancer will recur is a low chance.’’

2) Words comparing your chances to other women.
Such as, ‘‘The chance that your cancer will recur is
lower than the average woman with early stage
breast cancer.’’

3) Combination of percents and words. Such as, ‘‘The
chance that your cancer will recur is 6%. This is
a low chance.’’

4) A pie chart or picture showing your chances of
recurrence (no illustrations were used).

5) Numbers. Such as, ‘‘The chance that your cancer
will recur is 6 in 100,’’ and (6) Percents. Such as,
‘‘The chance that your cancer will recur is 6%.’’

Participants were randomly assigned to see only
low risks (‘‘low,’’ ‘‘6 in 100,’’ ‘‘6%,’’ etc.) or high
risks (‘‘high,’’ ‘‘35 in 100,’’ ‘‘35%,’’ etc.). Partici-
pants rated how easy it would be to understand each
of these formats when describing chance of recur-
rence. Response options were ‘‘not easy,’’ ‘‘some-
what easy,’’ ‘‘moderately easy,’’ ‘‘very easy,’’ and
‘‘extremely easy.’’ Percentage equivalents were the
midpoints for the low and high recurrence risk cate-
gories on the Oncotype DX printouts.

Demographics

The questionnaire assessed age, race, education,
marital status, and financial status; missing age or
race information were collected from medical records.
Based on patients’ medical histories, we calculated
participants’ 10-year objective breast cancer recurrence
risks using Adjuvant! Online (www.adjuvantonline
.com), a validated tool that provides objective risk esti-
mates based on clinical parameters.23,24

Data Analyses

Health literacy–related differences in means of
percentage and verbal scales used to describe recur-
rence risks were analyzed using t tests, and differ-
ences in variances were examined using Levene
tests for equality of variance. When variances were
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unequal, we report the unequal variance-adjusted
(and more conservative) t statistics and P values. To
control for effects of patients’ age, income, race, and
objective breast cancer recurrence risk, we first con-
ducted linear regressions using these variables to
predict the percentage or verbal risk estimate and
output the residual that was used in the t tests and
Levene tests described previously. Analyses do not
control for time since diagnosis, marital status, and
education because these variables were generally
unrelated to the outcome measures in preliminary
analyses. Other outcomes were analyzed using
analyses of covariance (ANCOVAs) that controlled
for the same covariates. We examined the effect of
health literacy (lower or higher) and test result
magnitude (low or high risk) on interest in chemo-
therapy using 2×2 between-subjects ANCOVAs
conducted separately for percentage and verbal risk
formats. We examined the effect of health literacy
on ease of understanding risk communication for-
mats using a 2×6 mixed ANCOVA with format as
a within-subjects factor. Controlling for both having
received chemotherapy and objective breast cancer
recurrence risk is conceptually problematic because
chemotherapy treatment decisions weigh recurrence
risk so heavily. For this reason, we chose to control
for recurrence risk only, as it is more central to our
research questions about understanding risk infor-
mation than is patients’ previous decision about
chemotherapy. All statistical analyses were per-
formed using SPSS 15.0 (Chicago, IL). Statistical
tests were 2-tailed, and the critical a was .05.

RESULTS

Of 231 patients contacted, 165 completed the
study (see Lillie and others 2007, for detailed analy-
sis of nonresponders).22 Because 2 participants com-
pleted surveys but did not complete health literacy
assessments, their data were not used in analyses
presented in this article. Hence, we report findings
based on 163 participants. Mean age was 59 years
(SD, 10.6; range, 36–87). Most women identified
themselves as white (86%) or African American
(12%). Participants generally had high levels of edu-
cation (53% were college graduates), and most were
married or living as married (73%). The majority
(66%) described their finances as having spare
money after paying their bills, and a small minority
(6%) reported having difficulty paying their bills.
The women were an average of 4 years’ postdiagnosis

of breast cancer. The median 10-year recurrence risk
score from Adjuvant! Online was 28%.

The average health literacy score was 63.6 (range,
30–66). As is common in the literature,25,26 we dichot-
omized health literacy scores to create higher health
literacy (63 and above, n= 125) and lower health liter-
acy (below 63, n= 38) groups. Classification according
to reading levels that correspond to health literacy
scores yielded the following groups: 4th to 6th grade,
n=4 (3%); 7th to 8th grade, n=15 (9%); and high
school, n=144 (88%).

Typical Recurrence Risk

Given the scenario about a hypothetical sample of
100 women described as newly diagnosed with
early-stage breast cancer, patients estimated that an
average of 35 women (35%) would have their cancer
recur in the next 5 years. Women with lower health
literacy gave higher estimates of recurrence risk for
the hypothetical group of 100 women than did
women with higher health literacy (averages= 52%
v. 30%, P = 0:01) (Table 1). Women with lower
health literacy also offered more variable estimates
than women with higher health literacy (P <0:001).

Low and High Recurrence Risk

Tables 1 and 2 show numbers and words patients
used to describe recurrence risk. They said low risk
terms represented lower risk than high risk terms, as
one might expect. Women interpreted the term ‘‘low
chance’’ similarly when the risk referred to them
and to another woman in a hypothetical vignette
(20% and 21%, on average, respectively). Women
also interpreted ‘‘high chance’’ similarly for them-
selves and others (58% and 64%, on average, respec-
tively). Women saw a ‘‘6% chance’’ most commonly
as being a ‘‘very low chance’’ and a ‘‘35% chance’’
as a ‘‘moderate chance’’ (Table 2).

Women with lower health literacy gave more vari-
able interpretations of recurrence risks described in
words (Table 1). When interpreting risks described as
being their own, women with lower health literacy
used higher numbers to describe ‘‘low chance,’’ but
this difference did not reach statistical significance.
However, women with lower health literacy had
greater variability in the numbers they used to inter-
pret ‘‘low chance’’ of recurrence than women with
higher health literacy (P = 0:02). Similarly, although
health literacy was unrelated to the average numbers
they used to describe ‘‘high’’ recurrence risk, women
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with lower health literacy gave more variable esti-
mates for ‘‘high’’ recurrence risk than women with
higher health literacy (P = 0:05).

These effects of health literacy were partially cor-
roborated by results from the hypothetical case vign-
ettes about others’ risks described in words. When
describing other women’s results, lower literacy
women described ‘‘low chance’’ for recurrence using
higher percentages, on average, than higher literacy
women (P = 0:05). Women with lower health literacy
also had greater variability in the numbers they used
to describe ‘‘low chance’’ of recurrence than women
with higher health literacy (P = 0:008). Lower and
higher literacy women used equivalent percentages
on average to describe ‘‘high chance.’’

The words women selected to describe ‘‘6%’’ and
‘‘35%’’ chance of recurrence did not differ by health
literacy level (Table 1).

Impact of Test Results

When recurrence risks were described using per-
centages, women more strongly endorsed chemo-
therapy if the magnitude of recurrence risk was high
than low (2.7 v. 1.6, F1,154 =70:76, P <0:001). How-
ever, women with higher health literacy were more
sensitive to recurrence risk when making chemo-
therapy decisions than women with lower health
literacy (interaction, F1,154 =5:86, P =0:02) (see
Figure 1A). Higher health literacy women less

Table 1 Effect of Health Literacy on Interpretation of Recurrence Risk

Overall,
Mean
(SD,

range [%]) N

Lower
Health

Literacy,
Mean

Higher
Health

Literacy,
Mean P

Lower
Health

Literacy,
SD

Higher
Health

Literacy,
SD P

Typical recurrence riska 35% (.22, 0–100) 158 52% 30% 0.01 .27 .17 <0.001
Interpreting low- and
high-risk wordsb

‘‘Low chance,’’ self 20% (.17, 0–100) 163 24% 19% 0.44 .23 .15 0.02
‘‘High chance,’’ self 58% (.22, 0–100) 162 57% 58% 0.72 .27 .20 0.05
‘‘Low chance,’’ other 21% (.17, 3–82) 78 32% 17% 0.05 .21 .14 0.008
‘‘High chance,’’ other 64% (.17, 20–96) 79 66% 64% 0.22 .16 .17 0.33

Interpreting low- and
high-risk percentagesc

‘‘6% chance,’’ other 1.5 (.60, 1–3) 80 1.6 1.5 0.73 .71 .57 0.14
‘‘35% chance,’’ other 3.1 (.59, 2–5) 78 3.1 3.2 0.53 .64 .58 0.64

Note: Case vignettes presented risks for hypothetical patients with early stage breast cancer. Means are unadjusted, and P values are from analyses con-
trolling for age, income, race, and patients’ own objective breast cancer recurrence risk. Response scale for average recurrence risk was a visual analog
scale.
a. Response scale ranged from 0 to 100 women and was converted to 0% to 100%.
b. Response scale ranged from 0% to 100%.
c. Response scale for words ranged from 1 (not at all) to 5 (completely).

Table 2 Words Patients Used to Describe Numerical Recurrence Risks

Patients’ Interpretations

Recurrence Risk
Description N

Very Low
Chance

Low
Chance

Moderate
Chance

High
Chance

Very High
Chance

Provided to patients
‘‘6% chance’’ 80 52% 42% 5% 0% 1%
‘‘35% chance’’ 78 0% 10% 68% 21% 1%

Note: Data are percentages of patients using each term. Risks were presented in case vignettes about hypothetical patients with breast cancer. Patients’
interpretations did not differ by level of health literacy.
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strongly endorsed chemotherapy when risk was low
and more strongly endorsed chemotherapy when
risk was high. When recurrence risks were presented
in word format, all women again more strongly
endorsed chemotherapy if risk was high than low
(2.9 v. 1.8, F1,155 = 113:79, P <0:001), but health liter-
acy had no main effect or interaction (Figure 1B).

Ease of Understanding Risk
Communication Formats

Of 6 risk communication formats, the verbal com-
parison (e.g., ‘‘The chance your breast cancer will
recur is lower than the average woman with early
stage breast cancer.’’) received the lowest ease of
understanding ratings, and the combined percent+
word format (e.g., ‘‘The chance your cancer will recur
is 6%. This is a low chance.’’) received the highest
ratings (Figure 2). Averaged across all formats, women
with lower health literacy expressed lower ease of
understanding than women with higher health liter-
acy (F1, 152 =10:10, P = 0:002). Health literacy and risk
communication format interacted in unadjusted anal-
yses (F5,760 = 2:83, P =0:02). The effect remained after
controlling for age and actual recurrence risk but not
after also adjusting for race and income (F5,760 =0:89,
P =0:49). Post hoc tests showed that women with
lower health literacy did not find any one risk format
easier to understand than another (F5;150 =1:74,
P >0:13). In contrast, women with higher health
literacy said some formats were easier to understand
than others (F5,610 = 20:74, P < 0:001). As shown in
Figure 2, they expressed the best understanding of
the combined percent+word format while finding
the verbal comparison format least understandable;
the remaining formats were seen as intermediate (and
equivalent to one another).

DISCUSSION

As genomic tests become more common in clini-
cal settings, it is increasingly important to under-
stand how patients interpret and use the risk
information such tests provide. Study participants
gave highly variable interpretations of risk informa-
tion provided in the survey, a finding that was exac-
erbated by health literacy. Women with higher
health literacy gave lower and less variable risk esti-
mates when interpreting ‘‘low chance’’ and were
more sensitive to numerical recurrence risks when
making hypothetical chemotherapy treatment deci-
sions. They also found most risk communication
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Figure 1 (A) Percents: The effects of health literacy and recur-
rence risk magnitude on recommendations for chemotherapy,
when recurrence risk was described in percentages. (B) Words:
The effects of recurrence risk magnitude on recommendations for
chemotherapy, when recurrence risk was described in verbal
terms. Means are unadjusted. Analyses control for patients’ age,
race, income, and objective recurrence risk. Bars depict standard
errors.
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formats easier to understand than the lower health
literacy women. Health literacy did not affect most
interpretations of the term ‘‘high chance’’ and chance
described in percentages.

The simplest summary of our findings is that
health literacy often matters when talking about
risk, but an explanation of the exact pattern of find-
ings in our study is more elusive. Our a priori
hypothesis was that women with lower health liter-
acy had less precise mental representations of risk.
This is consistent with our findings of the greater
variability of many risk estimates and in the lower
understandability of most risk formats. However, we
have a harder time making sense of why the effect of
health literacy was more pronounced for low than
high risks and why there were mean (not just vari-
ance) differences in risk estimates.

Our data cannot fully rule out several other
hypotheses. We discuss one in particular: perhaps
lower literacy women were more likely to guess.
They may have been less engaged by the survey for
whatever reason and, as a result, invested less mental
energy in giving thoughtful answers.27 This account

does well in explaining the mean differences in
numerical risk estimates, which tended to regress
toward 50% among the lower literacy women and
did not regress when estimates were fairly close to
50%. Similarly, guessing would lead to higher var-
iances in estimates. It explains the different per-
ceived understandability of the risk formats and the
lack of differences in perceived understandability
across formats among low literacy women, if one
assumes that lower health literacy women were
aware that they were guessing.

A related finding from recent work by Bruine de
Bruin and others is that those with less education—
and by extension, presumably those with lower
literacy—use the ‘‘50%’’ response category more often,
apparently to indicate a best guess or not knowing the
answer.28 However, in our study, women infrequently
responded 50%. More importantly, the few 50%
responses were not more common among lower health
literacy women’s responses (data not shown).

Neither the guessing nor the fuzzy representation
hypotheses can explain why health literacy did not
affect translation of percentages to verbal expressions

Figure 2 The effects of health literacy on self-reported understandability of recurrence risk presented in 6 different formats. Bars depict
standard errors.
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of risk. We suspect that this task may have been an
especially easy one for participants to complete. Previ-
ous studies have found that discriminating among risk
presented numerically is easier than discriminating
among equivalent verbal risk expressions.6,29,30 This
would mean there was less need for guessing or less
impact of imprecise mental representations.

A particularly interesting finding is the effect of
health literacy on women’s endorsements of chemo-
therapy. Our findings were consistent with the fuzzy
representation hypothesis, suggesting that women
were less sure what the percentages meant. The
guessing hypothesis also does well because guessing
would dampen the sensitivity of chemotherapy
recommendations to risk magnitude, making recom-
mendations of lower health literacy women more
similar in both low- and high-risk vignettes. How-
ever, neither hypothesis can explain why risks
described in percentages were interpreted more vari-
ably by those with lower health literacy, but verbal
risk descriptors were not. We again speculate that
verbal risk phrases such as ‘‘low chance’’ have clear
and widely known implications for treatment that
percentage risk terms may not have. In other words,
in the task of deciding about chemotherapy, words
used to describe risk may be easier to make use of
than percentages.

Taken together, the findings suggest that words
may have less precise risk meanings than numbers,31

but they may convey more meaning that is relevant to
treatment decisions.17,32 One of the prime clinical
implications of this study is that physicians should
summarize numerical data with verbal risk terms to
facilitate collaborative decision making with patients.
This conclusion also is supported by data in the area
of risk communication that patients prefer risk be
described using both verbal and numerical terms.33,34

We turn now to discussing other specific study
findings in greater detail. Our findings demonstrate
that health literacy affects variability in numbers
used to interpret verbal (‘‘low’’ or ‘‘high’’) descriptors
of risk. This association existed even after controlling
for age, income, race, and actual recurrence risk.
These results offer a partial explanation for the wide
variation in the numbers people use to describe
a given verbal risk phrase,6�13 but there are likely to
be many other factors contributing to this variability.

Contrary to our expectation, health literacy was
not associated with variability in verbal phrases
women used to describe recurrence risk presented to
them in percentages (‘‘6%’’ or ‘‘35%’’). Women may
have found this an easier task to complete, regardless

of health literacy level, because they were given only
5 response options to choose from, compared to the
potentially 100-point visual analog scales that parti-
cipants used to assign numerical meaning to verbal
recurrence risks. Whatever the reason, it remains pos-
sible that health literacy would influence the words
that people choose to represent a given risk number if
they were allowed an open-ended format.

Lower health literacy women found all but one
risk format harder to understand than did higher
literacy women. Furthermore, women with lower
health literacy did not find any format to be easier
to understand, while women with higher health
literacy preferred combined percent+word formats.
While it is important to make health communica-
tions as clear as possible for everyone,35 these data
lead us to suggest that test makers, clinicians, and
health educators should be especially attentive to
patients’ health literacy levels when communicating
results from tests that yield risk information.

Because the numerical response scales used to
describe verbal risks were bounded at 0 and 100, one
could be concerned that answers closer to 0 would
have less variability. The specific pattern of our find-
ings gives us confidence that, even if scaling explains
a portion of our findings, our results also depict the
effect we hypothesized. Health literacy–associated
variance differences were larger for the 2 variables
that also had health literacy–associated mean differ-
ences (consistent with the variance constraint expla-
nation). However, 2 other variables showed variance
differences but not mean differences. These latter 2
variance effects appeared to be slightly smaller, sug-
gesting some other effect is present in addition to
health literacy, perhaps related to scaling. The pres-
ence of the difference in variances even when the
means were equivalent lends credence to our pro-
posed fuzzy representation hypothesis.

The study has several limitations. First, although
we measured health literacy using a well-validated
measure, other measures of this construct exist. Also,
we did not assess numeracy, a type of health literacy
that has obvious relevance to understanding and using
numerical risk information.36�39 Because the average
health literacy score was relatively high (63.6 out of
a maximum score of 66), fewer patients were catego-
rized as lower than higher health literacy. Although
significant differences were observed between the 2
groups, these limitations warrant further examination
with more diverse samples. Dichotomizing the health
literacy variable may lead to different conclusions
than data for a population that more fully represented
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the full continuum of health literacy. We studied
a proxy population that was not actually using the
recurrence risk test. We believe this decision was
defensible given that the test, at the time of the study,
was not available for clinical use. Using this proxy
population allowed us to quickly gather data just
before the test moved into clinical use. Proxy studies
were also used in the early days of genetic testing
before validated tests were available.40,41 The sample
of breast cancer patients is one for whom these issues
are very real, and the health literacy differences
should generalize to other patients. The order of the
hypothetical vignettes was not counterbalanced,
although we believe order effects do not explain our
findings. The hypothetical nature of the exercises may
yield different findings than an actual clinical encoun-
ter would. Although self-reported ease of understand-
ing is an important outcome, it is distinct from an
objective accuracy measure, an approach that should
be pursued in future studies.

The findings of the present study suggest that
health literacy affects how patients understand risk
information. When presenting complex information
or making difficult decisions, clinicians should take
special care with lower health literacy patients.
Although a great deal is known about the relation-
ship of health literacy to use of clinical services and
clinical outcomes,21 additional research is needed
to map the extent to which health literacy affects
risk communication and treatment decision making
in actual clinical settings. In addition, there are indi-
vidual difference variables such as dispositional
optimism, health locus of control, and spirituality
that may potentially relate to perceptions of recur-
rence risk. These are all topics for future studies.
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