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ABSTRACT

PURPOSE Limited health literacy is increasingly recognized as a barrier to receiv-
ing adequate health care. Identifying patients at risk of poor health outcomes
secondary to limited health literacy is currently the responsibility of clinicians.
Our objective was to identify which screening questions and demographics inde-
pendently predict limited health literacy and could thus help clinicians individual-
ize their patient education.

METHODS Between August 2006 and July 2007, we asked 225 patients being
treated for diabetes at an academic primary care office several questions regard-
ing their reading ability as part of a larger study (57% response rate). We built

a logistic regression model predicting limited health literacy to determine the
independent predictive properties of these questions and demographic variables.
Patients were classified as having limited health literacy if they had a Short Test
of Functional Health Literacy in Adults (S-TOFHLA) score of less than 23. The
potential predictors evaluated were self-rated reading ability, highest education
level attained, Single-Item Literacy Screener (SILS) result, patients’ reading enjoy-
ment, age, sex, and race.

RESULTS Overall, 15.1% of the patients had limited health literacy. In the

final model, 5 of the potential predictors were independently associated with
increased odds of having limited health literacy. Specifically, patients were more
likely to have limited health literacy if they had a poorer self-rated reading ability
(odds ratio [OR] per point increase in the model = 3.37; 95% confidence interval
[C1], 1.71-6.63), more frequently needed help reading written health materials
(assessed by the SILS) (OR = 2.03; 95% Cl, 1.26-3.26), had a lower education
level (OR = 1.89; 95% (I, 1.12-3.18), were male (OR = 4.46; 95% Cl, 1.53-12.99),
and were of nonwhite race (OR = 3.73; 95% Cl, 1.04-13.40). These associations
were not confounded by age. The area under the receiver operating characteris-
tic curve was 0.9212.

CONCLUSIONS Self-rated reading ability, SILS result, highest education level
attained, sex, and race independently predict whether a patient has limited
health literacy. Clinicians should be aware of these associations and ask questions
to identify patients at risk. We propose an “SOS” mnemonic based on these find-
ings to help clinicians wishing to individualize patient education.

Ann Fam Med 2009;7:24-31. DOI: 10.1370/afm.919.

INTRODUCTION
I I ealth literacy is defined as “the degree to which individuals have

the capacity to obtain, process, and understand basic health

information and services needed to make appropriate health deci-
sions."' Limited health literacy, which refers to marginal health literacy;,
inadequate health literacy, or both depending on study definitions, has
been independently associated with several undesirable health-related
outcomes. Compared with individuals with adequate health literacy, those
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PREDICTING LIMITED HEALTH LITERACY

with limited health literacy have poorer understanding
of their chronic diseases,>” physicians' instructions,®®
and health-related Web sites’; poorer disease manage-
ment skills?; higher levels of disease indicators'®!"; and
worse self-reported health.”"3 Limited health literacy is
also associated with less use of certain preventive ser-
vices,'*"” increased hospitalizations,'*'® and increased
health care costs.'” Not all of these associations have
been found with perfect consistency, however.'$2* We
refer the interested reader to larger literature reviews
and summary analyses for a more comprehensive look
at the effects of literacy on health-related outcomes.?'"??

Interventions exist to aid persons with limited
health literacy. Simplifying instruction forms is an
effective means of ensuring better comprehension
for entire patient populations.?*?* Patients' health
care teams may be of assistance by providing simpli-
fied education and ensuring that patients understand
and retain what is being said.?*?® Although the use of
such strategies should be encouraged for helping all
patients, those with limited health literacy may receive
a particularly strong benefit.?”

Aggressive educational interventions have shown
some additional benefit in outcomes among patients
with limited health literacy,>?” and at least 8 clinical
trials of intensive behavioral interventions that may
help this population have recently finished or are under
way.?’ Because most limited health literacy—focused
interventions are only investigational, Paasche-Orlow
and Wolf** recently recommended against universal
screening for health literacy difficulties. Instead, they
recommend that clinicians take responsibility for
assessing how well their individual patients understand
health information.

Clinicians need to be able to recognize the “symp-
toms” of limited health literacy and other barriers to
acquiring information. Unfortunately, physicians are
sometimes poor estimators of literacy level, and the
prevalence of limited health literacy varies widely
between populations.?'3? Knowing what questions
to ask about a patient's learning styles would thus
be helpful for clinicians seeking to personalize their
patient education.

Recent studies have suggested that clinicians could
use a few questions to identify patients with limited
health literacy.?-3° Results of one of these studies
were further refined to produce the Single-Item Lit-
eracy Screener (SILS), a 1-question test for adequate
literacy.?” But these studies have not shown whether
such questions are superior to other proxies, such as
highest education level attained or self-rated reading
ability, which they were intended to replace. Highest
education level attained and self-rated reading ability,
although not perfect predictors of literacy, may still

be strongly associated with literacy level and would
therefore merit study as risk factors for a potential lit-
eracy problem.3%3°

The purpose of this study was to identify ques-
tions that could best indicate to a clinician that a
patient may have low or marginal health literacy. Our
hypothesis was that short screening questions and
demographic information would help predict a patient's
literacy status. We also hoped to discover which ques-
tions are superior for predicting limited health literacy,
and which predict it independently of the other ques-
tions and demographic risk factors.

METHODS

Data Collection

The Ohio State University Biomedical Institutional
Review Board approved this study, which was con-
ducted at the university's Rardin Family Practice Cen-
ter in Columbus, Ohio. At this practice site, 11 faculty
family physicians and 15 family practice residents
provide primary care to more than 9,100 individuals
from the local community. Of this patient population,
60% are women, 53% are white, 38% are black, and
more than 700 individuals have diabetes mellitus (95%
have type 2).

Data for this study were collected as part of a larger
diabetes cohort study intended to identify associations
between health literacy test scores and diabetes out-
comes. Patients with a prior diagnostic code for diabe-
tes were recruited either in person at the office or by
telephone a few days before a visit. Identified patients
were asked to participate in a reading and diabetes
knowledge survey. Recruitment and interviews for this
study took place between August 2006 and July 2007.

After obtaining informed consent, trained research
assistants interviewed participants, asking them for
their age, sex, race, and highest education level com-
pleted. Participants were then asked 3 questions related
to reading ability: (1) "How would you rate your ability
to read?” (self-rated reading ability); (2) “On a scale of 1
to 10, where 1 is not at all’ and 10 is ‘a great deal, how
much do you like reading?” (reading enjoyment); and
(3) "How often do you need to have someone help you
when you read instructions, pamphlets, or other writ-
ten material from your doctor or pharmacy?” (SILS).3”
We selected these 3 questions for analysis because each
was thought to capture some different aspect of what
may predict an individual'’s literacy level. A Likert scale
was used to code answers to the first and last items.

Participants were then screened for visual acu-
ity using a floating E eye chart. Those with sufficient
visual acuity were administered the Short Test of Func-

tional Health Literacy in Adults (S-TOFHLA).*° The
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S-TOFHLA is a 36-item multiple-choice test of reading
comprehension that can be completed in 7 minutes.

It is composed of 2 passages that have several missing
words. Participants are asked to select the words that
best fit into the passages given the context of surround-
ing words. This test is a health literacy metric that has
good correlation with the full TOFHLA from which it
was derived and has become the more popular of the

2 tests. After the interview, participants were awarded
$15 grocery store gift cards for their participation.

For our analysis, we excluded participants if their
visual acuity was less than 20/50 corrected, if they
could not communicate with research staff in English,
or if they had an obvious cognitive impairment that
would interfere with testing (such as known dementia
or mental retardation).

Analysis

tion of answers for each variable, and performed analy-
ses for crude associations with limited health literacy
using exact tests for categorical independent variables
and t tests or Wilcoxon rank-sum tests for continuous
and ordinal variables. Each variable was then tested

as a lone independent variable in a logistic regression
model predicting limited health literacy. From these
variables, we chose an initial univariate model using
the lowest Akaike Information Criterion as a guideline
for model superiority. This process was repeated, add-
ing 1 variable at a time to build the multivariate model
until there was a rise in the Akaike Information Crite-
rion value for all new models being tested. Although

a recent analysis by Vittinghoff and McCulloch*' sug-
gests that the current data set could reliably support a
model with up to 6 variables, we checked the stability

of the model at each step of this process.

We analyzed the data using
binomial logistic regression anal-

ysis. An S-TOFHLA score of less

Table 1. Distributions of Variables Used to Predict Limited Health
Literacy and Results of Bivariate Analyses (N = 225)

than 23 (a generally accepted cut

No. (%)*>  Crude P
point) was regarded as a posi- Variable Response Options Code* of Patients ORc Value©
tive outcome, indicating limited Highest education Master's degree or -4 20 (8.9) —d <.001
health literacy. Limited health level attained greater
literacy thus included both mar- Bachelor's degree -3 25 (1) 0.18

inal health i ( (=4 years of college)

ginal health literacy (a score o Associate’s degree -2 (9.8) 0.21
17-22) and inadequate health (2 years of college)
literacy (a score of <16). Some college -1 57 (25.3) 0.25

Covariates included for 12th grade 0 65 (28.9 (ref)

] (GED or equivalent)
analysis were sex, race, age, 11th grade or less 1 2 (14.2) 3.44
highest education level attained, 6th grade or less 2 4(1.8) 13.25
and responses to the self-rated Self-rated reading Excellent or very good 0 112 (49.8) (ref) <.001
reading ability, reading enjoy- ability Good 1 1(31.6) 6.66
ment, and SILS questions. If gkay i ; > (15 1 6) 21':‘7
the patient reported more than oo (3.1 -
hei ded Terrible or very poor 4 0 (0) -

1 rj:tce, t ”elr race Wa's code Reading enjoyment 1-10 Natural 8 (6-10)¢ - .01
as "other” for analysis. Answer Single-Item Literacy ~ Never 0 140 (62.2) (ref) <.001
options for the questions, as Screener”’ Rarely 1 47 (20.9) 3.91
well as the codes applied for all Sometimes 2 2(9.8) 4.85
of the variables, are found in Often 3 0 (4.4) 24.75
Table 1. For health literacy level, S /:/:‘Nlays ? (;7;) Z_;O o
derived from the S-TOFHLA & e 1619 ' '

d level Race White - 9 (44.0) (ref) -
score, an adequate level was Black ~ ]0] (44.9) 485 <001
coded as 0, whereas marginal Other _ 25 (11.1) 595 1
and inadequate levels were both Age Years Natural 53.76 (12.8)' - 010

coded as 1. In the regression
analysis, for ordinal variables, we
treated each difference between
adjacent response options as a

®Unless otherwise noted.

1-point increase. Patients’ enjoy-

ment of reading was coded using

the original scale from 1 to 10.
We examined the distribu-

fMean (SD).

?Represents point values used in the logistic model.

OR = odds ratio; ref = reference group; GED = general equivalency diploma.

9 Age data were normally distributed. P value was determined with a t test.

<Crude odds ratios and P values are of association with limited health literacy. Exact tests were used for categori-
cal variables; rank-sum test was used for ordinal variables.

90dds ratios for some variable values are not reported because the contingency table contained a zero cell.
¢Median (interquartile range).
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We checked for confounding by demographic vari-
ables and plausible interactions by comparison with the
main effects model. We considered interactions to be
significant at an individual type [ error rate of .05, and
confounding to be substantial if parameter coefficients
changed by greater than 15%. Linearity in the logit
was assessed using the fractional polynomial method
for determining acceptable transforms.*> Goodness of
fit was assessed using the Hosmer-Lemeshow test. The
area under the receiver operating characteristic (ROC)
curve was also calculated. To detect the presence of
outliers, we obtained the A-B (change in coefficient)
and A x* (change in significance) for each subject and
plotted these values against predicted probability in
the model. We considered variables included in the
final model to be significant at an individual type I
error rate of .05. Wald and likelihood ratio statistics
were compared for model sensitivity and stability, but
only results of Wald statistics are reported. All analyses
were run using Stata SE, version 9.2 (Stata Corp, Col-
lege Station, Texas).

RESULTS

Of the 396 patients invited to participate, 225 (57%)
completed the interview and were included in analy-
ses. Of the 171 who were not included, 13 (3% of
those invited to participate) were found to have vision
less acute than 20/50 during the interview, 99 (25%)
declined to participate, and 59 (15%) were excluded
before the interview (6 reported being legally blind, 14
were no longer patients at the office where the study
was being conducted, 27 did not speak sufficient Eng-
lish, 4 had considerable dementia, 5 had considerable
mental retardation, 2 refused to sign the Health Insur-
ance Portability and Accountability Act waiver for the
larger study, and 1 had gestational diabetes only).

Of the 99 patients who declined to participate, 54

had demographic information available. Compared with
the 238 patients who participated (regardless of visual
acuity), these nonparticipants did not differ significantly
by race (P =.85) or sex (P =.42); however, participants
were on average 6.2 years younger (P =.002). This dif-
ference was attenuated but remained significant if age
in the medical chart was used instead of self-reported
age (difference of means: 5.0 years, P=.01). One patient
failed to indicate how much he enjoyed reading, and
this value was imputed as the median of the sample (8
out of 10). Otherwise, the data set used was complete.
Distributions of participants’ responses and P values of
crude associations of the variables studied with limited
health literacy are shown in Table 1.

On the basis of S-TOFHLA scores, 15.1% of par-
ticipants had limited health literacy (14, or 6.2%, had
marginal health literacy and 20, or 8.9%, had inad-
equate health literacy). The final model for predicting
limited health literacy is given in Table 2, and its devel-
opment and properties are described below. Lower
self-rated reading ability, lower educational attainment,
and more frequent need for help with written health
materials were all independently associated with lim-
ited health literacy. Male sex and nonwhite race were
independently associated with this outcome as well.

The main effects model included the same variables
as the final model. We excluded reading enjoyment
from the model because its association with adequate
literacy switched from positive to negative after adjust-
ing for the other screening questions. This finding
indicated that although reading enjoyment accounted
for some residual variability, leaving it in the model
would falsely amplify the effect of other variables.

We combined black race and other race after fitting
the model because their coefficients were very similar
and did not warrant the addition of a second categori-
cal variable for race. Four plausible interactions were
tested: sex with self-rated reading ability, sex with SILS

Table 2. Final Logistic Regression Model For Predicting Limited Health Literacy

Adjusted OR® Coefficient P Value of Ho: P Value of Ho:
Variable? (95% dI) (SE) Coefficient=0 Linear in Logite
Self-rated reading ability? 3.37 (1.71-6.63) 1.22 (0.35) <.001 .82
SILS result® 2.03 (1.26-3.26) 0.71 (0.24) .003 32
Highest education level? 1.89 (1.12-3.18) 0.64 (0.27) .02 94
Male sex 4.46 (1.53-12.99) 1.50 (0.55) .006 -
Nonwhite race 3.73 (1.04-13.40) 1.32 (0.65) .04 -
Constant - -4.94 (0.86) <.001 -

2 Listed in order of introduction into the model during the step-forward process.
>0dds ratio after adjustment for the other variables in the model.
Results of fractional polynomial method.

Cl = confidence interval; Ho = null hypothesis; OR = odds ratio; SILS = Single-Item Literacy Screener.

90dds ratios and coefficients reported are per unit increase, according to the code in Table 1.
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result, sex with race, and race with self-rated reading
ability. None of these interactions were significant at
the predefined level, and no confounding by age was
observed. Multicollinearity was not a problem; the
maximum variance inflation factor among explanatory
variables was 1.36 (mean, 1.22). All ordinal variables
were linear in the logit analysis (Table 2), and the Hos-

mer-Lemeshow test yielded a P
value of .19, indicating no sig-
nificant lack of fit.

We noted that 2 participants
had outlying results. These
participants’ records were
rechecked for accuracy, and the
interviewer was asked to verify
that the data were correct. We
determined that these partici-
pants were representative of the
participants generally, so we did
not drop any of the outlying
observations. This model had
excellent discriminatory perfor-
mance, with an area under the
ROC curve of 0.9212 (Figure 1).
Sensitivities, specificities, and
likelihood ratios of the model
at various cutoffs are given
in Table 3. Depending on the
probability cutoff value chosen,
sensitivity of the model could
range from 100% down to 49%,
with a corresponding rise in
specificity from 50% to 98%.

which could subsequently be managed by teaching
with pictures or reading aloud to patients. A positive
SILS result may indicate that a patient should have
a family member present during education sessions.
At the very least, asking these questions can prompt
a discussion about an individual’s learning styles and
coping methods. It will also prevent clinicians from

Sensitivity

DISCUSSION

A strength of this study is that
it is clinically based and pro-
vides health care workers with
tools for better understand-

ing their patients’ learning
styles. Whereas most literacy
screening tools can determine
whether or not a patient has
limited health literacy, they

do little to define etiologies

or direct management. Asking
specific questions about how an
individual understands health
information will better elucidate
interventions that can be used.
For example, asking about self-
rated reading ability may reveal
a known diagnosis of dyslexia,

Figure 1. Receiver operating characteristic curve of the final model.
Area under the curve =0.9212.

1.00

0.75

0.50 —

0.25

0.00 T T T
0.00 0.25 0.5 0.75 1.0

1 - Specificity

Table 3. Performance of the Model in Predicting Limited Health
Literacy at Varying Cutoffs of Predicted Probability (N = 225)

Positive Negative
Probability Sensitivity, Specificity, Likelihood Likelihood
Cutoff % % Ratio? Ratio®
0.025 100 49 1.95 0
0.05 97 68 3.04 0.04
0.075 88 71 3.06 0.16
0.1 85 77 3.79 0.19
0.2 76 86 5.62 0.27
0.3 68 95 12.92 0.34
0.4 62 96 16.85 0.40
0.5 50 98 23.88 0.51

2 The increase in likelihood of having limited health literacy if subject is found to have a positive result (an indi-
vidual probability equal to or greater than the given cutoff).

b The decrease in likelihood of having limited health literacy if a subject is found to have a negative result (an
individual probability less than the given cutoff).
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Table 4. SOS Mnemonic for Screening Patients for Limited Health Literacy

Mnemonic
Question Topic Letter Category Threshold?
Educational attainment S The person’s Schooling is ... ... Sub-Secondary.
Self-rated reading ability o] The person’s Opinion of his or her ... he or she is Only an Okay reader.
reading ability is that ...
Help needed when reading® S When the person reads health-related ... Sometimes Solicited.

materials, Support is ...

2 Answers that may indicate a problem with health literacy.
bSingle-Item Literacy Screener.’’

being ignorant of problems associated with limited
health literacy, so that when more effective interven-
tions become available, clinicians will understand their
usefulness and be ready to use them.

Another strength of this study is that it combines
several different screening questions and demographic
information into 1 predictive model. Of note, self-rated
reading ability was the single most reliable predictor
of limited health literacy of the predictors tested; thus,
although it is known to be biased, it is still the best
stand-alone question we have for determining literacy
level. That being said, the fact that self-rated reading
ability, SILS result, highest education level attained,
sex, and race were all significant predictors of limited
health literacy even after adjustment for one another
serves to clarify that they are independently helpful at
predicting limited health literacy, and that the use of
all these questions and demographics is superior to the
use of any one of them.

Recommendation

We recommend that clinicians who wish to screen

for limited health literacy ask about self-rated reading
ability and highest education level attained, and use
the SILS as part of a thorough social history. To help
clinicians remember what specific questions to ask

and which answers may be considered suspicious for

a health literacy problem, we propose the mnemonic
"SOS" (Table 4). According to this mnemonic, an edu-
cational attainment of high school or less, a self-rated
reading ability of “okay"” or worse, and asking for help
with reading health materials at least “sometimes” are all
associated a higher likelihood of limited health literacy.
Clinicians can use this mnemonic as a framework for
discussing their patients’ potential barriers to learning.

Limitations

This study has several limitations, foremost of which is
that the participants interviewed were all being treated
for diabetes at a single academic family practice cen-
ter. It is also unknown why patients who participated
in this study were generally younger than patients

who refused to participate. The generalizability of

the results presented here should be tested in a more
representative sample of patients nationwide. Also,
because the patients knew they were going to be given
reading tests, they may have been less likely to attempt
to conceal a reading problem. This association would
effectively remove a reporting bias that might be pres-
ent outside of the study population. Our model should
be validated to determine how well these results apply
to other populations or persons who are present in
offices for reasons other than literacy testing.

Another limitation of this study was the use of the
S-TOFHLA as the reference standard for health liter-
acy. Although the S-TOFHLA correlates well with the
full version of the TOFHLA and the Rapid Estimate of
Adult Literacy in Medicine (REALM), none of these is
a comprehensive measure of health literacy as defined
earlier.! In fact, no simple reading test could realisti-
cally be a complete measure of the common definition
of health literacy, which includes such skills as Internet
or visual literacy:.

For some of the questions used in this study, patient
embarrassment may be of concern.”** We believe that
the literacy questions are far less intrusive than com-
mon health-related questions concerning drug abuse or
sexual behaviors, however, and may likewise provide
information necessary for improving patient care. The
general consensus among our research assistants was
that these questions did not cause embarrassment.
Other studies also indicate that patients are willing
to divulge their literacy status and consider it to be
important clinical information.*** Of course, as with
any condition discovered in a physician’s office, limited
health literacy should be kept confidential.

Self-rated reading ability, highest education level
attained, and the SILS result can each provide clini-
cians with valuable information about a patient's learn-
ing needs. Clinicians are advised to be aware of these
associations and know what questions can help them
identify patients who may need assistance with navi-
gating the health care system or understanding health-
related materials.
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To read or post commentaries in response to this article, see it
online at http://lwww.annfammed.orglcgilcontent/full/7/1/124.
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