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ORIGINAL ARTICLE

Is Patients’ Numeracy Related to Physical
and Mental Health?

Rocio Garcia-Retamero, PhD, Allen Andrade, MD, Joseph Sharit, PhD,
Jorge G. Ruiz, MD

Objective. There is compelling evidence showing that
health literacy influences health outcomes. However,
there is a dearth of research investigating this issue in
the vast literature on numeracy—the ability to accurately
interpret numerical information about risk, a skill that is
only moderately correlated with health literacy. In
a cross-sectional study, we investigated whether objective
and subjective numeracy is related to objective and
subjective health outcomes. Objective (subjective) numer-
acy is actual (self-reported) numerical competence. Objec-
tive outcomes include prevalence of comorbidity and
prescribed medications. Subjective outcomes include
perceptions of physical and mental health. Methods.
A convenience sample of 502 male individuals receiving
outpatient care at a Veterans Affairs Medical Center re-
ported their demographics and answered a survey measur-
ing objective and subjective numeracy, trust in physicians,
satisfaction with role in medical decision making,
perceptions of physical and mental health, and risky hab-
its. We computed patients’ body mass index (BMI) and
their age-adjusted Charlson index—an extensively studied

comorbidity index for predicting mortality in clinical
research. We retrieved number of prescribed medications
from medical records. Results. Compared with patients
who had high objective numeracy, patients with low objec-
tive numeracy showed higher prevalence of comorbidities
and took more prescribed medications. Compared with pa-
tients who had high subjective numeracy, patients with low
subjective numeracy had more negative perceptions of their
physical and mental health. These conclusions held after
controlling for the effect of demographics, risky habits,
BMI, trust in physicians, and satisfaction with role in deci-
sion making, suggesting that numeracy has a unique, sig-
nificant contribution to health outcomes beyond the effect
of these factors. Conclusions. Our research documents for
the first time that self-reported numeracy is related to per-
ceptions of health, whereas objective numeracy is related to
actual health, laying the groundwork for future research on
the effect of numeracy on health outcomes. Key words:
objective numeracy; subjective numeracy; health literacy;
risk literacy; health outcomes; comorbidity. (Med Decis
Making 2015;35:501-511)

Received 16 December 2013 from the Department of Experimental
Psychology, University of Granada, Granada, Spain (RGR); Center for
Adaptive Behavior and Cognition, Max Planck Institute for Human
Development, Berlin, Germany (RGR); Laboratory of E-learning and
Multimedia Research, Bruce W. Carter VA Geriatric Research Educa-
tion and Clinical Center (GRECC), Miami, FL, USA (AA, JS, JGR); Uni-
versity of Miami Miller School of Medicine, Miami, FL, USA (AA, JS,
JGR); and University of Miami College of Engineering, Miami, FL, USA
(JS). Financial support for this study was provided by the Geriatric
Research Education and Clinical Center (GRECC), Bruce W. Carter
VA Medical Center, and is part of the projects PSI2011-22954 and
PSI2014-51842-R funded by the Ministerio de Economia y Competitivi-
dad (Spain). The funding agreement ensured the authors’ indepen-
dence in designing the study, interpreting the data, and writing and
publishing the report. Revision accepted for publication 21 February
2015.

© The Author(s) 2015

Reprints and permission:
http://www.sagepub.com/journalsPermissions.nav
DOI: 10.1177/0272989X15578126

MEDICAL DECISION MAKING/MAY 2015

ver the past 20 years, numerical skills have

become increasingly necessary for navigating
the modern health care environment. Health profes-
sionals often provide numerical information about
benefits and risks of medical interventions and life-
styles, and direct-to-consumer advertising often
summarizes changes in incidence of various dis-
eases and describes the effects of screenings and
novel drugs. Unfortunately, many patients struggle
to grasp numerical concepts that are essential for
understanding health-relevant information.’™ Even
highly educated patients tend to have difficulties in-
terpreting and using a host of elementary probability
expressions.*™®

Address correspondence to Rocio Garcia-Retamero, Facultad de Psi-
cologia, Universidad de Granada, Campus Universitario de Cartuja s/
n, Granada, 18071, Spain; e-mail: rretamer@ugr.es.
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Recent research has shown that numeracy is
related to accuracy of perceptions of health-related
benefits and risks. Compared with patients who
have high numeracy, less-numerate patients tend to
overestimate the risk of several diseases”® and are
less able to use risk reduction information (e.g., about
screening) to adjust their risk estimates.? Patients
with low numeracy also overestimate benefits of
uncertain treatments'®'! and make less accurate esti-
mates of their risk of experiencing side effects.'?

Numeracy also has important effects on decision
making. Less-numerate patients often choose lower-
quality health options'® and are more susceptible to
being influenced by the way the health information
is framed in problems involving probabilities"*"*—
presumably because they are more influenced by
nonnumerical information (e.g., mood states) and
show less sensitivity to different levels of numerical
risks.'®?° Less-numerate doctors and patients also
favor a paternalistic model of medical decision mak-
ing, in which doctors are dominant and autono-
mous®' and patients prefer not to participate and
instead delegate decision making.** This is troubling
given that the paternalistic model of medical decision
making is increasingly being questioned.??

Finally, numeracy can influence health outcomes.
The most compelling evidence supporting this claim
was inferred from research on health literacy®**°—
which is the ability to understand written health
information and to communicate orally about
health.?%2” In fact, some of the measures of health lit-
eracy include items assessing quantitative skills,**°
and both health literacy and numeracy are moder-
ately correlated.’® Thus, research on health literacy
suggests that numeracy might also be related to health
outcomes. This research shows that lower levels of
health literacy are associated with lower utilization of
preventive medical services, higher utilization of emer-
gency department services, and more hospitaliza-
tion.”’™*® Lower levels of health literacy are also
associated with less health-relevant information seek-
ing,** more difficulty in understanding prescription
medication warning labels,® lower medication adher-
ence,”®”” and higher health care costs.?® Finally, lower
levels of health literacy are associated with higher risk
for all-cause mortality,’>*° worse quality of life and
physical function,*"** and poorer mental health,*>*%4

Surprisingly, there is a dearth of research investi-
gating long-term health outcomes in the vast litera-
ture on numeracy, which would have important
clinical implications.*>*® The few studies on this
issue showed that compared with patients with ade-
quate numerical skills, less-numerate patients search
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for less information about their disease during medi-
cal sessions and are at higher risk of hospitaliza-
tion.’**”*® These studies also showed that patients
with lower numeracy are more vulnerable to having
difficulty following a complicated dosing regimen*?*°
and have less effective disease management skills®'~>*
(but see Schapira and others®”). However, these stud-
ies focused on specific groups of patients (e.g., patients
taking specific drugs or with specific diseases). In
addition, these studies did not investigate whether
numeracy is related to other important health out-
comes involving physical and mental health.

In the current research, we extend the previous lit-
erature by investigating whether numeracy is related
to objective and subjective health outcomes. In par-
ticular, we investigated whether numeracy is related
to prevalence of comorbidity, number of prescribed
medications, and perceptions of physical and mental
health in a large sample of male patients. Toward this
end, we measured both objective and subjective
numeracy. Objective numeracy refers to patients’
numerical competence and basic arithmetic and sta-
tistical skills, such as their ability to convert percen-
tages to proportions.>?°%7°® In contrast, subjective
numeracy encompasses patients’ perceptions and
beliefs of their numerical competence rather than
their actual competence.”® !

We also measured and controlled for the effect of
several potential variables that might affect the rela-
tionship between numeracy and health outcomes.
In particular, we controlled for the effect of character-
istics of patients and of the patient-physician
relationship. Characteristics of patients include
demographics (age, educational level, marital status,
ethnicity, and household income), risky habits
(smoking and substance abuse or dependence), and
body mass index (BMI). Characteristics of the
patient-physician relationship include patients’ lev-
els of trust in their physicians and satisfaction with
their role in medical decision making.

METHODS

Participants

A cross-sectional study was conducted from Janu-
ary through February 2012 on 502 men receiving out-
patient care at the Bruce W. Carter VAMC (Miami,
Florida). Participants were conveniently recruited
at outpatient clinics and met the following inclusion
criteria: enrollment in a VA clinic and having a mini-
mum education level of 8th grade. Patients were not
included if they had unstable medical illness or
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Table 1 Demographics and Characteristics of the Sample of Patients

Variable Score?
Educational level, n (%)
Less than high school 9(2)
High school 303 (61)
Some colleague or higher 181 (37)
Marital status, n (%)
Single 227 (47)
Married 147 (30)
Divorced 96 (20)
Widowed 17 (3)
Ethnicity, n (%)
White Americans 172 (35)
African Americans 278 (56)
Other 47 (9)
Body mass index, n (%)
Underweight 7 (1)
Healthy weight 125 (25)
Overweight 179 (36)
Obese 191 (38)
Satisfaction with role in medical decision making, n (%)
Prefer a more active role 136 (27)
Satisfied with their current role 295 (59)
Prefer a more or more passive role 71 (14)
Age, average in years (range) 58 (23-83)
Tobacco use, n (%) 100 (20)
Substance abuse or dependence, n (%) 35 (7)

Household income, average in US$ (range)
Perception of physical health, average score (range)
Perception of mental health, average number (range)
Comorbidity, average number (range)

Prescribed medications, average number (range)
Trust in physicians, average score (range)

Objective numeracy, average score (range)
Subjective numeracy, average score (range)

(

(

(

(

(

(
33,899 (11,873-100,481)
2.8 (1-5)

(

3.4 (0-14)

6.1 (0-21)

58.2 (10-70)
(
(

5.3 (0-12)
34.2 (8-56)

a. Percentages based on valid cases only.

significant sensory impairment. We obtained full
institutional review board approval from the Bruce
W. Carter VAMG, and all patients consented to partic-
ipation through a consent form. They received a $5
voucher for participating in the study.

Materials and Procedure

All patients completed a paper-and-pencil survey
that included the measures discussed below (see
also Table 1).

Demographic information. Patients reported their
age, level of education, marital status, and ethnicity.

Objective numeracy. This was measured with
a scale consisting of 9 items developed by Schwartz
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and others” as well as Lipkus and others®® and the 4
items of the Berlin Numeracy Test.”®* The scale
assesses the ability to compare risk magnitude, con-
vert percentages to proportions, convert proportions
to percentages, convert probabilities to proportions,
and compute probabilities. The scale showed ade-
quate internal consistency in previous research,
with Cronbach’s alpha scores ranging from 0.70 to
0.75.%°% Tests of criterion validity have indicated
that scores in the questionnaire are highly correlated
with correct answers to ecologically valid probabi-
listic medical decisions.®® The Cronbach alpha coef-
ficient in the current study was 0.74.

Subjective numeracy. This was measured with
a scale developed by Fagerlin and others,’® which
is an 8-item self-report measure of the perceived
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ability to perform various mathematical tasks and
preferences for use of numerical versus prose infor-
mation. The scale demonstrates good reliability
(Cronbach’s alpha = 0.82) and is significantly corre-
lated with the Lipkus and others®® objective numer-
acy scale (r = 0.63-0.68°%°7). The Cronbach alpha
coefficient in the current study was 0.83.

Trust in physicians. This was measured with an
instrument developed by Anderson and Dedrick.®*
It includes 11 items and assesses patients’ trust in
their physicians in the domains of dependability,
confidence, and confidentiality of information.
Patients answered the questions by using 7-point
scales ranging from 1 (not at all) to 7 (very much).
The instrument showed adequate internal consis-
tency in previous research, with a Cronbach’s alpha
score of 0.85.°* The Cronbach alpha coefficient in
the current study was 0.94.

Satisfaction with role in medical decision making.
Patients answered 2 questions adapted from the
classic study by Strull, Lo, and Charles.®® One of
the questions asked about the role patients believe
they should play in interactions with their physi-
cian. The other question asked about the usual role
they play in these interactions. To answer the ques-
tions, patients had to select 1 of 5 options reflecting
potential roles that could be played in medical deci-
sion making, ranging from active to collaborative to
passive roles.

Perception of physical health. Patients selected 1
of 5 options reflecting perceptions of their physical
health. Options were poor, fair, good, very good,
and excellent.

Perception of mental health. This was measured
with a scale consisting of 5 items developed by the
National Center for Health Promotion and Disease
Prevention (NCP), from the US Departments of Vet-
erans Affairs. The instrument was successfully
used in the Move! Weight Management Program
(http://www.move.va.gov) and assesses whether
patients felt stressed, unhappy, depressed, or anx-
ious/nervous and whether they had family/relation-
ship problems. The Cronbach alpha coefficient of
the instrument in the current study was 0.74.

Risky habits. Patients mentioned whether they
smoked and/or abused substances (substance
dependence).

There were no time constraints, but the entire sur-
vey took approximately 45 min to complete. In addi-
tion, we measured patients’ weight and height. We
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retrieved from medical records the number of pre-
scribed medications that patients were taking at that
time and whether they had a range of comorbid con-
ditions when they completed the survey, including
myocardial infarction, congestive cardiac failure,
peripheral vascular disease, dementia, chronic
obstructive pulmonary disease (COPD), connective
tissue disease, peptic ulcer disease, mild liver dis-
ease, severe liver disease, diabetes without organ
damage, diabetes with organ damage, hemiplegia/
stroke, renal failure, any cancer within 5 years, malig-
nant lymphoma, leukemia, metastatic cancer, and
human immunodeficiency virus infection/acquired
immunodeficiency syndrome (HIV/AIDS).

Analyses

We computed patients’ levels of objective numer-
acy by adding the number of items answered cor-
rectly. We computed patients’ levels of subjective
numeracy and trust in physicians by averaging rat-
ings across all items in the corresponding instru-
ment. We inferred patients’ satisfaction with their
role in medical decision making by computing dis-
crepancies between their preferred and usual roles.
In particular, we deducted patients’ answers to the
question about usual role from their answers to the
question about their preferred role. We then classi-
fied patients as those who 1) would prefer to have
amore active role than they usually had, 2) were sat-
isfied with their current role, or 3) would prefer
a more passive role than they usually had.

We computed patients’ levels of mental health by
adding positive responses in the corresponding
instrument. We computed BMI on the basis of
patients” weight and height. We computed patients’
age-adjusted Charlson index®® on the basis of preva-
lence of the comorbid conditions mentioned above.
The Charlson index is the most valid, reliable, and
extensively studied comorbidity index for predicting
mortality in clinical research.®”~®® Each condition
received a score depending on the associated risk of
dying. Higher scores indicate greater prevalence of
comorbidity.

Finally, we used the 5-digit Zip Code Tabulation
Area (ZCTA) and the median household income in
the past 12 months (in 2011 inflation-adjusted dol-
lars) by racial group from the US Census Bureau,
2007-2011, American Community Survey (African
American, B19013B; white, B19013A; Asian,
B19013D; and American Indian/Alaska Native,
B19013C) to infer patients’ average household
income.”®”7? In patients with no race information,
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we considered the general median household income
(B19013).

Patients’ demographics were analyzed using
descriptive statistics. To test whether objective and
subjective numeracy is related to objective and sub-
jective health outcomes, we used a multivariable
approach. In particular, we conducted factorial
regression analyses with objective and subjective
numeracy as continuous predictor variables and
with patients’ age-adjusted Charlson index, number
of prescribed medications, and perceptions of phys-
ical and mental health as outcome variables. To eval-
uate the strength of the relationship between
numeracy and health outcomes, we computed
odds ratios that included objective and subjective
numeracy as continuous variables. We included
age, educational level, marital status, ethnicity,
household income, BMI, smoking, substance abuse
or dependence, trust in physicians, and satisfaction
with role in medical decision making as control var-
iables in all the analyses. Finally, we classified
patients into 4 levels of objective and subjective
numeracy based on whether their overall score falls
into the first, second, third, or fourth quartile in the
corresponding instruments (see References 5, 10, 15,
18, and 73 for a similar procedure). We then com-
pared average scores in health outcomes in patients
in the first (lowest) and fourth (highest) quartile.

RESULTS

Demographics and characteristics of the sample of
patients are reported in Table 1. Patients had an aver-
age age of 58 years (range 23—83 years); 56% were
African Americans, 35% were white Americans,
and the rest (9%) were Indian or Asian Americans.
Most of the patients (63%) had a high school degree
or less; 47% were single and 30% were married.
The patients had a median household income of
US$33,899. Twenty percent of the patients smoked
and 7% abused substances; 36% were overweight,
38% were obese, and only 26% had a weight within
the health range or were underweight.

Most patients perceived their health as fair (33%)
or good (40%), and only 20% and 7% reported that
their health was very good/excellent and poor,
respectively. On average, patients took several pre-
scribed medications (6.1) and showed high preva-
lence of comorbidities (3.4) and poor mental health
(1.5). They also showed low levels of objective
(5.3) and subjective (34.2) numeracy. Many patients
were satisfied with their current role in medical

ORIGINAL ARTICLE

decision making (59%) and showed moderate
to high levels of trust in their physicians (58 on
average).

Is Objective Numeracy Related to Objective and
Subjective Health Outcomes?

Results of the regression analyses showed that
objective numeracy is related to prevalence of comor-
bidity (B = —0.24, 41, = —4.00, P=0.001) and number
of prescribed medications (B = —0.18, t414 = —3.11,
P =0.002) beyond the effect of the other control vari-
ables (see Table 2). In contrast, objective numeracy is
not related to subjective health outcomes (i.e., per-
ceptions of physical or mental health).

Table 3 shows odds ratios describing the strength
of the relationship between objective numeracy and
prevalence of comorbidity. There was a moderate
but significant association between objective numer-
acy and prevalence of COPD, peptic ulcer disease,
liver disease, diabetes, and HIV/AIDS after control-
ling for the effect of the control variables. Odds ratios
associated with a 1-unit increase in objective numer-
acy ranged from 1.13 (diabetes) to 1.31 (peptic ulcer).
Results for prevalence of myocardial infarction, con-
gestive cardiac failure, and dementia were similar,
but differences were only marginally significant.
The odds ratio for the likelihood of suffering at least
1 of these diseases is 1.18.

The risk that patients with low objective numeracy
(lowest quartile) suffer at least 1 comorbid condition
was 40% larger than that of patients with high objec-
tive numeracy (highest quartile) (i.e., 4.7 v. 2.8). In
addition, compared with patients who had high
objective numeracy, patients with low objective
numeracy took 20% more prescribed medications
(5.5 v.6.7).

Is Subjective Numeracy Related to Objective and
Subjective Health Outcomes?

Results of the regression analyses showed that sub-
jective numeracy is related to perceptions of physical
(B=0.13, t41,=2.22, P=0.027) and mental health (8 =
—-0.19, t41, = —3.38, P = 0.001) beyond the contribu-
tion of the other factors (see Table 2). In contrast, sub-
jective numeracy is not related to prevalence of
comorbidity or the number prescribed medications.

Table 4 shows odds ratios describing the strength
of the relationship between subjective numeracy
and perceptions of mental health. There is a small
but significant association between subjective
numeracy and being unhappy, depressed, and
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Table 2 Effect of Objective and Subjective Numeracy on Health Outcomes, Demographics, Risky Habits,
Body Mass Index, and Characteristics of the Patient-Physician Relationship

Objective Numeracy Subjective Numeracy

B t P B t P
Health outcomes Prevalence of comorbidity -0.24 —4.00 0.001* -0.02 -0.28 0.778
Prescribed medications -0.18 —3.11 0.002* -0.07 —1.27 0.206

Perception of physical health -0.01 -0.09 0.931 0.13 2.22  0.027°

Perception of mental health 0.06 0.97 0.334 -0.19 —3.38 0.001°

Demographics Age 0.07 1.63 0.103 0.11 2.44 0.015%

Educational level 0.28 6.37 0.001"  0.30 7.01  0.001"
Marital status 0.07 1.54 0.124 0.04 0.99 0.322

Ethnicity -0.30 —6.82 0.001* -0.20 —4.49 0.001°

Household income 0.21 4.79 0.001" 0.12 2.65 0.008"
Risky habits and body mass index Tobacco use -0.09 —2.03 0.043" -0.06 —1.40 0.163
Substance abuse or dependence —-0.07 —1.55 0.122 -0.05 —1.20 0.229
Body mass index -0.01 -0.10 0.922 0.02 0.36 0.722

Characteristics of the Trust in physicians 0.08 1.77 0.070°  0.13 2.93 0.004"
patient-physician relationship Satisfaction with role in -0.04 -0.83 0.409 0.06 1.45 0.147

medical decision making

Note: Demographics, risky habits, body mass index, and characteristic of the patient-physician relationship were also included as control variables in the
analyses of the effect of objective and subjective numeracy on health outcomes.

a. P <0.05.b. P <0.10.

Table 3 0Odds Ratios Describing the Strength of the Association between Objective
Numeracy and Prevalence of Comorbidity

Type of Disease OR 95% CI Wald p
At least 1 disease 1.18 1.08-1.30 12.17 0.001*
Myocardial infarction 1.14 0.99-1.31 3.40 0.065"
Congestive cardiac failure 1.18 0.99-1.41 3.35 0.067"
Peripheral vascular disease 1.09 0.87-1.36 0.54 0.462
Dementia 1.32 0.96-1.80 2.87 0.090°
Chronic obstructive pulmonary disease 1.26 1.08-1.48 8.13 0.004"
Connective tissue disease 0.98 0.90-1.08 0.12 0.726
Peptic ulcer disease 1.31 1.03-1.67 4.86 0.028%
Liver disease 1.27 1.11-1.45 12.39 0.001*
Diabetes 1.13 1.03-1.25 6.57 0.010°
Hemiplegia/stroke 1.15 0.94-1.41 1.90 0.168
Renal failure 1.04 0.90-1.21 0.26 0.612
Cancer 0.98 0.85-1.13 0.09 0.763
HIV/AIDS 1.17 1.03-1.34 5.50 0.019%

Note: Lower objective numeracy is related to higher odds of prevalence of comorbidity. Demographics, risky habits, body mass index, and characteristic of
the patient-physician relationship were included as control variables in the analyses.

ap < 0.05. "P < 0.10.

anxious after accounting for the effect of the control
variables. The odds ratio associated with a 1-unit
increase in subjective numeracy is 1.03 for these psy-
chological problems and for the likelihood of suffer-
ing at least 1 psychological problem.

While 54% of the patients with low subjective
numeracy (lowest quartile) thought that their physi-
cal health was poor or fair, 65% of the patients with
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high subjective numeracy (highest quartile) con-
sidered that their physical health was good, very
good, or excellent. In addition, the risk that
patients with low subjective numeracy felt stressed,
unhappy, depressed, or anxious/nervous or had
family/relationship problems was 32% larger than
that of patients with high subjective numeracy (1.9
v. 1.3).
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Table 4 Odds Ratios Describing the Strength of the Association between Subjective Numeracy
and Perception of Mental Health

Type of Mental Health Problem OR 95% CI Wald p
At least 1 psychological problem 1.03 1.01-1.05 7.47 0.006
Too much stress 1.01 0.99-1.03 1.51 0.219
Unhappiness 1.03 1.01-1.05 5.86 0.015%
Depression 1.03 1.01-1.05 8.65 0.003*
Anxiety problems and nervousness 1.03 1.01-1.05 5.98 0.015%
Family or relationship problems 1.01 0.99-1.04 1.51 0.220

Note: Lower subjective numeracy is related to higher odds of mental health problems. Demographics, risky habits, body mass index, and characteristic of
the patient-physician relationship were included as control variables in the analyses.

ap < 0.05. °P < 0.10.

DISCUSSION

To make informed decisions about health, patients
need to have the ability to accurately interpret infor-
mation about medical risks. Unfortunately, our
research shows that many patients lack basic numer-
acy, which can have health-relevant consequences.
In particular, patients with low objective numeracy
showed higher prevalence of comorbidity (e.g.,
COPD, diabetes, or HIV/AIDS) and took more pre-
scribed medications than those with high objective
numeracy. Patients with different levels of objective
numeracy, however, had similar perceptions of their
physical and mental health. Our results also showed
that patients with low subjective numeracy had
more negative perceptions of their physical health
and more often reported that they felt unhappy,
depressed, and anxious than those with high sub-
jective numeracy. Patients with different levels of
subjective numeracy, however, showed similar prev-
alence of comorbidities and did not differ in the num-
ber of prescribed medications that they were taking.
In sum, our research suggests that an objective mea-
sure of numerical competence can predict objective
health outcomes, whereas a subjective measure of
perceived ability can predict self-reported health out-
comes. Of note, these conclusions hold after control-
ling for the effect of patients’ demographics (age,
educational level, marital status, ethnicity, and
household income), risky habits (smoking and sub-
stance abuse or dependence), BMI, patients’ trust in
their physicians, and satisfaction with their role in
medical decision making, suggesting that numeracy
has a unique significant contribution to health out-
comes beyond the effect of these factors.

Our results are in line with research on health and
skill assessment, which shows that people can
be highly inaccurate when judging their health
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condition and competence. For example, Dunning
and others®® conducted a systematic review of the lit-
erature and concluded that people often underesti-
mate their own health risks and overestimate those
of other people. In addition, people often misdiag-
nose themselves®””*—a phenomenon that can have
severe consequences.”” Dunning and others®® also
concluded that people’s self-views only hold a tenu-
ous to modest relationship with their actual perfor-
mance. Most people say that they are ‘“‘above
average” in skill (a conclusion that defies statistical
possibility), they overestimate the likelihood that
they will engage in desirable behaviors and achieve
favorable outcomes, they furnish overly optimistic
estimates of when they will complete future projects,
and they reach judgments with too much confidence.
Similarly, Sheridan and others”® showed that 70% of
the participants in their study reported that they
considered themselves to be “good with numbers,”
while only 2% of those participants correctly
answered 3 objective numeracy questions. Finally,
Ghazal and others®” showed that less numerate indi-
viduals are especially overconfident when assessing
their numerical competence.

In sum, self-assessments of health and skill tend to
be flawed in substantive and systematic ways, which
might explain why objective numeracy was only
related to objective health outcomes in our study.
This result is in line with previous research that
showed that objective health literacy is related to
objective health outcomes.**~°%°* Only a few studies,
however, showed a relationship between objective
health literacy and health perceptions.”””® Finally,
it is also likely that patients in our study might have
overestimated their numerical skills, which would
explain why subjective numeracy was not related to
objective health outcomes after controlling for objec-
tive numeracy.
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Our research extends the vast literature on numer-
acy by documenting for the first time that self-
reported numeracy seems to be related to perceptions
of health, whereas objective numeracy is related to
actual health. The strengths of our study are the use
of both medical record information and subjective
measures in a large sample of patients. As with any
research, our study also has some limitations. In
particular, our study is cross-sectional, limiting our
conclusions about the causal effect of numerical com-
petence on health outcomes. For instance, we cannot
rule out a possible effect of some health outcomes
(e.g., dementia) on numerical skills. Nevertheless,
we think that our results and conclusions can have
important clinical implications and can inspire
future theoretical and empirical work.

Our assumption is that objective numeracy might
affect prevalence of comorbidity via an effect of sev-
eral processes, including actions to promote health
and prevent disease and actions to comply with diag-
nosis and treatment.?””® Thus, numeracy might have
an indirect effect on health outcomes. For instance,
previous research suggests that patients with low
objective numeracy weight immediate rewards more
than temporally distant rewards**—presumably
because they are not able to understand long-term,
probabilistic information.*® As disease prevention
depends in large part on taking actions now to pre-
vent serious uncertain consequences later, patients
with low objective numeracy might require more
extensive explanations of risks to engage in long-
term healthy behaviors and lifestyles.**°*®° Manage-
ment of illness might also depend on accuracy of risk
understanding.*®°>* For instance, patients with lim-
ited objective numeracy might have difficulties
understanding the probabilistic link between adher-
ence and treatment effectiveness, which is consistent
with evidence showing that less-numerate patients
showed lower medication adherence than patients
with more adequate numerical skills.?®3%8182
Patients with low objective numeracy also have inac-
curate perceptions of their risk of suffering a disease
and overestimate benefits of uncertain treatments,”
which might also affect their use of preventive and
emergency medication services.*” Therefore, objec-
tive numeracy, through its effect on accuracy of per-
ceptions of health-related benefits and risks, might
affect management of health and illness, which in
turn would influence health outcomes. In terms of
subjective numeracy, the evidence is scant. A recent
study®® demonstrated an association of low subjec-
tive numeracy with an increased risk of recidivism
in patients with heart failure, suggesting that

508 e MEDICAL DECISION MAKING/MAY 2015

subjective numeracy might also affect actions to com-
ply with diagnosis and treatment.

Research investigating interactions between
health professionals and patients provides further
evidence supporting the conclusion that objective
numeracy can indirectly affect prevalence of comor-
bidity.?***%% To illustrate, compared with patients
who have adequate levels of objective numeracy,
less-numerate patients often avoid asking their doc-
tors questions about their symptoms and medical
treatments®” and are less willing to participate in
decision making about their health.?*?? In addition,
health professionals frequently become frustrated at
the failure of the less-numerate patients to under-
stand health-relevant risk information,®® which
interferes with patient-centered and informed deci-
sion making. Thus, patients with low numeracy
have more negative interactions with their doctors,
which might limit their access to good medical
treatment and other important health resources
(e.g., regular medical check-ups, screenings, and
immunization). These difficulties in having access
to high-quality health care might ultimately affect
health outcomes.

In sum, numeracy might affect health outcomes via
an effect of several mediating processes, including
accuracy of risk understanding, which might affect
actions to promote health and prevent disease, man-
agement of illness, and use of emergency department
services and hospitalization. Numeracy might also
affect health outcomes via an effect of quality of
patient-provider interactions, which would affect
patients’ access to good medical treatment and other
resources. Future research can investigate the medi-
ating role of these factors. Future research can also
investigate the influence of numeracy in other impor-
tant long-term health outcomes such as quality of life
and mortality. Our ongoing work along these lines
suggests promising results.

Our research was conducted on a convenient
hospital-based sample of male patients in a Veterans
Affair Medical Center in the United States. Future
studies can also investigate the relationship between
numeracy and health outcomes in population-based,
national samples in other countries. In addition, we
used zip code median income as a proxy for patients’
household income. Research shows that this measure
is not ideal but can offer some predictive power and
reliability. For instance, median household income
derived from ZCTA data has been consistently vali-
dated as the most reliable indicator of income after
individual-reported income for population-based
studies in the United States.”®””* Zip code data,
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however, are typically based on both male and
females, and all our participants were males. Future
studies investigating the relationship between
numeracy and health outcomes can ask patients
about their annual income or use census track median
income from patients’ addresses, which would be
a more reliable measure of household income.
Finally, future studies can investigate whether effec-
tive educational efforts aiming at improving numeri-
cal skills influence health outcomes. Adaptive,
internet-based tutoring programs and custom-tai-
lored educational brochures are under development
(e.g., www.RiskLiteracy.org) and hold great prom-
ise.?” The use of communication formats that do not
require high levels of numeracy can also effectively
improve risk comprehension and risk communication
in patients with limited numerical skills* and possibly
can help promote health. Visual aids,'®®*® analo-
gies,”® and reports of consequences of health-related
behaviors expressed in terms of life expectancy® are
prominent examples of transparent information for-
mats and might help less-numerate patients feel
more comfortable as partners in medical decision mak-
ing.”® Interactive educational and decision aid tech-
nologies thus hold great promise for leveraging what
we already know about communicating risk, improv-
ing numeracy, supporting informed decision making,
and promoting health.

REFERENCES

1. Fagerlin A, Ubel PA, Smith DM, Zikmund-Fisher BJ. Making
numbers matter: present and future research in risk communica-
tion. Am ] Health Behav. 2007;31(Suppl 1):5S47-56.

2. Garcia-Retamero R, Galesic M. Transparent Communication of
Health Risks: Overcoming Cultural Differences. New York:
Springer; 2013.

3. Peters E. Beyond comprehension the role of numeracy in judg-
ments and decisions. Curr Dir Psychol Sci. 2012;21(1):31-5.

4. Ancker]S, Kaufman D. Rethinking health numeracy: amultidis-
ciplinary literature review. ] Am Med Inform Assoc. 2007;14(6):
713-21.

5. Cokely ET, Galesic M, Schulz E, Ghazal S, Garcia-Retamero R.
Measuring risk literacy: the Berlin numeracy test. Judgm Decis
Mak. 2012;7(1):25-47.

6. Galesic M, Garcia-Retamero R. Statistical numeracy for health:
a cross-cultural comparison with probabilistic national samples.
Arch Intern Med. 2010;170(5):462—8.

7. Davids SL, Schapira MM, McAuliffe TL, Nattinger AB. Predic-
tors of pessimistic breast cancer risk perceptions in a primary
care population. ] Gen Intern Med. 2004;19(4):310-5.

8. Gurmankin AD, Baron J, Armstrong K. Intended message versus
message received in hypothetical physician risk communications:
exploring the gap. Risk Anal. 2004;24(5):1337-47.

ORIGINAL ARTICLE

9. Schwartz LM, Woloshin S, Black WC, Welch HG. The role of
numeracy in understanding the benefit of screening mammogra-
phy. Ann Intern Med. 1997;127(11):966-72.

10. Garcia-Retamero R, Galesic M. Who profits from visual aids:
overcoming challenges in people’s understanding of risks. Soc
Sci Med. 2010;70(7):1019-25.

11. Weinfurt KP, Castel LD, Li Y, et al. The correlation between
patient characteristics and expectations of benefit from phase I
clinical trials. Cancer. 2003;98(1):166-75.

12. Gardner PH, McMillan B, Raynor DK, Woolf E, Knapp P. The
effect of numeracy on the comprehension of information about
medicines in users of a patient information website. Patient Educ
Couns. 2011;83(3):398—403.

13. Hibbard JH, Peters E, Dixon A, Tusler M. Consumer competen-
cies and the use of comparative quality information: it isn’t just
about literacy. Med Care Res Rev. 2007;64(4):379-94.

14. Peters E, Levin IP. Dissecting the risky-choice framing effect:
numeracy as an individual-difference factor in weighting risky
and riskless options. Judgm Decis Mak. 2008;3(6):435—48.

15. Peters E, Vastfjall D, Slovic P, Mertz CK, Mazzocco K, Dickert S.
Numeracy and decision making. Psychol Sci. 2006;17(5):407-13.
16. Garcia-Retamero R, Galesic M. How to reduce the effect of
framing on messages about health. ] Gen Intern Med. 2010;
25(12):1323-9.

17. Garcia-Retamero R, Galesic M. Using plausible group sizes to
communicate information about medical risks. Patient Educ
Couns. 2011;84(2):245-50.

18. Garcia-Retamero R, Cokely ET. The influence of skills, mes-
sage frame, and visual aids on prevention of sexually transmitted
diseases. ] Behav Decis Making. 2014;27(2):179-89.

19. Peters E, Dieckmann N, Dixon A, Hibbard JH, Mertz CK. Less is
more in presenting quality information to consumers. Med Care
Res Rev. 2007:64(2):169-90.

20. Petrova DG, Pligt J, Garcia-Retamero R. Feeling the numbers:
on the interplay between risk, affect, and numeracy. ] Behav Decis
Making. 2014 3;27(3):191-9.

21. Garcia-Retamero R, Wicki B, Cokely ET, Hanson B. Factors pre-
dicting surgeons’ preferred and actual roles in interactions with
their patients. Health Psychol. 2014;33(8):920-8.

22. Galesic M, Garcia-Retamero R. Do low-numeracy people avoid
shared decision making? Health Psychol. 2011;30(3):336—41.

23. Kaplan RM, Frosch DL. Decision making in medicine and
health care. Annu Rev Clin Psychol. 2005;1:525-56.

24. Nelson W, Reyna VF, Fagerlin A, Lipkus I, Peters E. Clinical
implications of numeracy: theory and practice. Ann Behav Med.
2008;35(3):261-74.

25. Reyna VF, Nelson WL, Han PK, Dieckmann NF. How numer-
acy influences risk comprehension and medical decision making.
Psychol Bull. 2009;135(6):943-73.

26. Baker DW. The meaning and the measure of health literacy. ]
Gen Intern Med. 2006;21(8):878-83.

27. Paasche-Orlow MK, Wolf MS. The causal pathways linking
health literacy to health outcomes. Am ] Health Behav. 2007;
31(Suppl 1):S19-26.

28. Baker DW, Williams MV, Parker RM, Gazmararian JA, Nurss J.
Development of a brief test to measure functional health literacy.
Patient Educ Couns. 1999;38(1):33—42.

509

Downloaded from mdm.sagepub.com at Max Planck Institut on May 27, 2015


http://mdm.sagepub.com/

GARCIA-RETAMERO AND OTHERS

29. Parker RM, Baker DW, Williams MV, Nurss JR. The test of func-
tional health literacy in adults. ] Gen Intern Med. 1995;10(10):537—41.
30. Portnoy DB, Roter D, Erby LH. The role of numeracy on client
knowledge in BRCA genetic counseling. Patient Educ Couns. 2010;
81(1):131-6.

31. Baker DW, Gazmararian JA, Williams MV, et al. Functional
health literacy and the risk of hospital admission among Medicare
managed care enrollees. Am J Public Health. 2002;92(8):1278-83.
32. Baker DW, Gazmararian JA, Williams MV, et al. Health literacy
and use of outpatient physician services by Medicare managed care
enrollees. ] Gen Intern Med. 2004;19(3):215-20.

33. Scott TL, Gazmararian JA, Williams MV, Baker DW. Health lit-
eracy and preventive health care use among Medicare enrollees in
a managed care organization. Med Care. 2002;40(5):395—404.

34. von Wagner C, Semmler C, Good A, Wardle J. Health literacy
and self-efficacy for participating in colorectal cancer screening:
the role of information processing. Patient Educ Couns. 2009;
75(3):352—7.

35. Davis TC, Wolf MS, Bass PF, et al. Low literacy impairs com-
prehension of prescription drug warning labels. J Gen Intern
Med. 2006;21(8):847-51.

36. Kalichman SC, Ramachandran B, Catz S. Adherence to combi-
nation antiretroviral therapies in HIV patients of low health liter-
acy. ] Gen Intern Med. 1999;14(5):267-73.

37. Lindau ST, Basu A, Leitsch SA. Health literacy as a predictor of
follow-up after an abnormal pap smear: a prospective study. ] Gen
Intern Med. 2006;21(8):829-34.

38. Weiss BD, Palmer R. Relationship between health care costs
and very low literacy skills in a medically needy and indigent Med-
icaid population. ] Am Board Fam Pract. 2004;17(1):44-7.

39. Bostock S, Steptoe A. Association between low functional
health literacy and mortality in older adults: longitudinal cohort
study. BMJ. 2012;344:e1602.

40. WolfMS, Gazmararian JA, Baker DW. Health literacy and func-
tional health status among older adults. Arch Intern Med. 2005;
165(17):1946—52.

41. Mancuso CA, Rincon M. Impact of health literacy on longitudi-
nal asthma outcomes. | Gen Intern Med. 2006;21(8):813-7.

42. Schillinger D, Grumbach K, Piette ], et al. Association of health
literacy with diabetes outcomes. JAMA. 2002;288(4):475-82.

43. Lincoln A, Paasche-Orlow MK, Cheng DM, et al. Impact of
health literacy on depressive symptoms and mental health-related:
quality of life among adults with addiction. ] Gen Intern Med. 2006;
21(8):818—22.

44. Tokuda Y, Doba N, Butler JP, Paasche-Orlow MK. Health liter-
acy and physical and psychological wellbeing in Japanese adults.
Patient Educ Couns. 2009;75(3):411-7.

45. Zikmund-Fisher B, Mayman G, Fagerlin A. Patient numeracy:
what do patients need to recognize, think, or do with health num-
bers? In: Anderson BL, Schulkin J, eds. Numerical Reasoning in
Judgments and Decision Making about Health. Cambridge (UK):
Cambridge University Press; 2014. p 80—104.

46. Berkman ND, Sheridan SL, Donahue KE, et al. Health literacy
interventions and outcomes: an updated systematic review. Evid
Rep Technol Assess. 2011;199:1-941.

47. Apter AJ, Cheng J, Small D, et al. Asthma numeracy skill and
health literacy. ] Asthma. 2006;43(9):705—10.

510 e MEDICAL DECISION MAKING/MAY 2015

48. Ginde AA, Clark S, Goldstein JN, Camargo CA Jr. Demographic
disparities in numeracy among emergency department patients:
evidence from two multicenter studies. Patient Educ Couns.
2008;72(2):350-6.

49. Estrada CA, Martin-Hryniewicz M, Peek BT, Collins C, Byrd
JC. Literacy and numeracy skills and anticoagulation control. Am
J Med Sci. 2004;328(2):88—93.

50. Waldrop-Valverde D, Jones DL, Gould F, Kumar M, Ownby RL.
Neurocognition, health-related reading literacy, and numeracy in
medication management for HIV infection. AIDS Patient Care
STDS. 2010;24(8):477—-84.

51. Abdel-Kader K, Dew MA, Bhatnagar M, et al. Numeracy skills
in CKD: correlates and outcomes. Clin ] Am Soc Nephrol. 2010;
5(9):1566-73.

52. Cavanaugh K, Huizinga MM, Wallston KA, et al. Association of
numeracy and diabetes control. Ann Intern Med. 2008;148(10):
737-46.

53. Marden S, Thomas P, Sheppard Z, Knott J, Lueddeke J, Kerr D.
Poor numeracy skills are associated with glycaemic control in
Type 1 diabetes. Diabetic Med. 2012;29(5):662—-9.

54. Osborn CY, Cavanaugh K, Wallston KA, Rothman RL. Self-
efficacy links health literacy and numeracy to glycemic control.
J Health Commun. 2010;15(Suppl 2):146-58.

55. Schapira MM, Neuner J, Fletcher KE, Gilligan MA, Hayes E,
Laud P. The relationship of health numeracy to cancer screening.
J Cancer Educ. 2011;26(1):103-10.

56. Lipkus IM, Samsa G, Rimer BK. General performance on
anumeracy scale among highly educated samples. Med Decis Mak-
ing. 2001;21(1):37—44.

57. Schapira MM, Walker CM, Cappaert K], et al. The numeracy
understanding in medicine instrument: a measure of health
numeracy developed using item response theory. Med Decis Mak-
ing. 2012;32(6):851-65.

58. WellerJA, Dieckmann NF, Tusler M, Mertz C, Burns WJ, Peters E.
Development and testing of an abbreviated numeracy scale: a Rasch
analysis approach. ] Behav Decis Making. 2013;26(2):198-212.

59. Dunning D, Heath C, Suls JM. Flawed self-assessment implica-
tions for health, education, and the workplace. Psychol Sci Public
Interest. 2004;5(3):69-106.

60. Fagerlin A, Zikmund-Fisher BJ, Ubel PA, Jankovic A, Derry
HA, Smith DM. Measuring numeracy without a math test: develop-
ment of the Subjective Numeracy Scale. Med Decis Making. 2007;
27(5):672-80.

61. Zikmund-Fisher BJ, Smith DM, Ubel PA, Fagerlin A. Valida-
tion of the Subjective Numeracy Scale: effects of low numeracy
on comprehension of risk communications and utility elicitations.
Med Decis Making. 2007;27(5):663—71.

62. Ghazal S, Cokely ET, Garcia-Retamero R. Predicting biases in
very highly educated samples: numeracy and metacognition.
Judgm Decis Mak. 2014;9(1):15-34.

63. Cokely ET, Ghazal S, Garcia-Retamero R. Measuring numer-
acy. In: Anderson BL, Schulkin J, eds. Numerical Reasoning in
Judgments and Decision Making about Health. Cambridge (UK):
Cambridge University Press; 2014. p 11-38.

64. Anderson LA, Dedrick RF. Development of the trust in physi-
cian scale: a measure to assess interpersonal trust in patient-physi-
cian relationships. Psychol Rep. 1990;67(3):1091-100.

Downloaded from mdm.sagepub.com at Max Planck Institut on May 27, 2015


http://mdm.sagepub.com/

NUMERACY AND HEALTH OUTCOMES

65. Strull WM, Lo B, Charles G. Do patients want to participate in
medical decision making? JAMA. 1984;252(21):2990—4.

66. Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new
method of classifying prognostic comorbidity in longitudinal stud-
ies: development and validation. ] Chronic Dis. 1987;40(5):373—83.
67. De Groot V, Beckerman H, Lankhorst GJ, Bouter LM. How to
measure comorbidity: a critical review of available methods. J
Clin Epidemiol. 2003;56(3):221-9.

68. Quan H, Li B, Couris CM, et al. Updating and validating the
Charlson comorbidity index and score for risk adjustment in hospi-
tal discharge abstracts using data from 6 countries. Am J Epide-
miol. 2011;173(6):676-82.

69. Chaudhry S, Jin L, Meltzer D. Use of a self-report-generated
Charlson Comorbidity Index for predicting mortality. Med Care.
2005;43(6):607—15.

70. Krieger N. Overcoming the absence of socioeconomic data in
medical records: validation and application of a census-based
methodology. Am J Public Health. 1992;82(5):703-10.

71. Krieger N, Chen JT, Waterman PD, Soobader MJ, Subramanian
SV, Carson R. Geocoding and monitoring of US socioeconomic
inequalities in mortality and cancer incidence: does the choice of
area-based measure and geographic level matter? The Public
Health Disparities Geocoding Project. Am ] Epidemiol. 2002;
156(5):471-82.

72. Krieger N, Chen JT, Waterman PD, Rehkopf DH, Subramanian
SV. Painting a truer picture of US socioeconomic and racial/ethnic
health inequalities: the Public Health Disparities Geocoding Pro-
ject. Am ] Public Health. 2005;95(2):312-23.

73. Garcia-Retamero R, Galesic M. Communicating treatment risk
reduction to people with low numeracy skills: a cross-cultural
comparison. Am J Public Health. 2009;99(12):2196-202.

74. Weinstein ND. Unrealistic optimism about susceptibility to
health problems: conclusions from a community-wide sample. J
Behav Med. 1987;10(5):481-500.

75. Harrison JA, Mullen PD, Green LW. A meta-analysis of studies
of the Health Belief Model with adults. Health Educ Res. 1992;7(1):
107-16.

76. Sheridan SL, Pignone MP, Lewis CL. A randomized compari-
son of patients’ understanding of number needed to treat and other
common risk reduction formats. ] Gen Intern Med. 2003;18(11):
884-92.

77. Kim SH. Health literacy and functional health status in Korean
older adults. J Clin Nurs. 2009;18(16):2337—43.

78. Shone LP, Conn KM, Sanders L, Halterman JS. The role of par-
ent health literacy among urban children with persistent asthma.
Patient Educ Couns. 2009;75(3):368-75.

79. von Wagner G, Steptoe A, Wolf MS, Wardle ]. Health literacy
and health actions: a review and a framework from health psychol-
ogy. Health Educ Behav. 2009;36(5):860-77.

80. Martin LT, Haas A, Schonlau M, et al. Which literacy skills are
associated with smoking? ] Epidemiol Community Health 2012;
66(2):189-92.

81. Paasche-Orlow MK, Cheng DM, Palepu A, Meli S, Faber V,
Samet JH. Health literacy, antiretroviral adherence, and HIV-RNA

ORIGINAL ARTICLE

suppression: a longitudinal perspective. ] Gen Intern Med. 2006;
21(8):835—40.

82. Waldrop-Valverde D, Jones DL, Jayaweera D, Gonzalez P,
Romero J, Ownby RL. Gender differences in medication manage-
ment capacity in HIV infection: the role of health literacy and
numeracy. AIDS Behav. 2009;13(1):46-52.

83. McNaughton CD, Collins SP, Kripalani S, et al. Low numeracy
is associated with increased odds of 30-day emergency department
or hospital recidivism for patients with acute heart failure. Circ
Heart Fail. 2013;6(1):40-6.

84. Manganello JA, Clayman ML. The association of understand-
ing of medical statistics with health information seeking and
health provider interaction in a national sample of young adults.
J Health Commun. 2011;16(Suppl 3):163-76.

85. Roter DL. Health literacy and the patient—provider relation-
ship. In: Schwartzberg JG, Van Geest ], Wang CC, eds. Understand-
ing Health Literacy: Implications for Medicine and Public Health.
Chicago: AMA Press; 2005. p 87-100.

86. Baker DW, Parker RM, Williams MV, et al. The health care
experience of patients with low literacy. Arch Fam Med. 1996;
5(6):329-34.

87. Clement S, Ibrahim S, Crichton N, Wolf M, Rowlands G. Com-
plex interventions to improve the health of people with limited lit-
eracy: a systematic review. Patient Educ Couns. 2009;75(3):
340-51.

88. Garcia-Retamero R, Cokely ET. Communicating health risks
with visual aids. Curr Dir Psychol Sci. 2013;22(5):392—-9.

89. Garcia-Retamero R, Hoffrage U. Visual representation of statis-
tical information improves diagnostic inferences in doctors and
their patients. Soc Sci Med. 2013;83:27-33.

90. Garcia-Retamero R, Cokely ET. Effective communication of
risks to young adults: using message framing and visual aids to
increase condom use and STD screening. ] Exp Psychol Appl.
2011;17(3):270-87.

91. Garcia-Retamero R, Dhami MK. Pictures speak louder than
numbers: on communicating medical risks to immigrants with lim-
ited non-native language proficiency. Health Expect. 2011;
14(Suppl 1):46-57.

92. Zikmund-Fisher BJ, Witteman HO, Dickson M, et al. Blocks,
ovals, or people? Icon type affects risk perceptions and recall of
pictographs. Med Decis Making. 2014;34(4):443-53.

93. Ancker JS, Senathirajah Y, Kukafka R, Starren JB. Design fea-
tures of graphs in health risk communication: a systematic review.
J Am Med Inform Assoc. 2006;13(6):608—18.

94. Galesic M, Garcia-Retamero R. Using analogies to communi-
cate information about health risks. Appl Cognitive Psychol.
2013;27(1):33-42.

95. Galesic M, Garcia-Retamero R. Communicating consequences
of risky behaviors: life expectancy versus risk of disease. Patient
Educ Couns. 2011;82(1):30-5.

96. Barry MJ. Involving patients in medical decisions: how can
physicians do better? JAMA. 1999;282(24):2356—7.

511

Downloaded from mdm.sagepub.com at Max Planck Institut on May 27, 2015


http://mdm.sagepub.com/

