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ealth literacy is the capacity to obtain, process, and use
basic health information and services needed to make
healthcare decisions.! Health literacy is a multidimensional
process, including system demands and complexities, as well as
individuals’ skills and abilities,? and may encompass numeracy and
graph literacy. Numeracy is a set of quantitative abilities needed for
comprehending, managing, and manipulating numerical expres-
sions of probability about health information,* and graph literacy
is the ability to understand basic graphical representations used to
present quantitative health-related information.* Health literacy
has been linked to self-management behaviors, healthcare costs,
hospitalizations, mortality, and overall health status.’ Less is known
about the specific roles of numeracy and graph literacy in health.
Patients receiving care at US Veterans Health Administration
(VA) facilities tend to be older, have more comorbidities, and
have lower levels of function, education, employment, and
socioeconomic status than patients in other facilities.® Prior
work has also suggested concerningly low levels of health literacy,
numeracy, and graph literacy in this population, particularly
among African American veterans.!® Many risk factors for poor
health outcomes among VA patients might be compounded by
these health literacy concerns. On the other hand, veterans have
access to an integrated healthcare system that provides a range of
supports for patient-provider communication, self-management,
and care coordination,™"? which might mitigate the risks implied by
lower levels of health literacy, numeracy, and graph literacy. Future
studies could explore the specific aspects of numeracy and graph
literacy that predict mortality in high-risk, high-need individuals.
Optimal numeracy and graph literacy skills may influence patient
decision-making and health behaviors.? Patients with adequate
numeracy and graph literacy skills may be empowered to safely
and effectively use healthcare information contained in web-based
patient portals.'® Patient engagement in their own healthcare may
in turn lead to better self-management and potentially lower risk
for hospitalizations and mortality.
The aim was to determine in a sample of veterans the association
of health literacy, numeracy, and graph literacy with future all-cause

ABSTRACT

OBJECTIVES: To determine whether health
literacy, numeracy, and graph literacy are associated
with all-cause hospitalizations or mortality in
community-dwelling veterans.

STUDY DESIGN: Retrospective cohort study.

METHODS: A total of 470 community-dwelling veterans
underwent evaluations of health literacy, numeracy, and
graph literacy with validated instruments in 2012 and
were followed until 2018. At the end of follow-up, the
associations with all-cause hospitalizations and mortality
were determined with the Andersen-Gill model and Cox
regression multivariate analysis, respectively.

RESULTS: There were no associations of health literacy,
numeracy, or graph literacy with all-cause hospitalization or
mortality after multivariate adjustment. In subgroup analysis,
subjective numeracy was associated with hospitalizations

in African Americans. Higher objective and subjective
numeracy were associated with future hospitalizations only
for those with a history of hospitalization. Higher graph
literacy was associated with lower mortality in those with a
history of hospitalization.

CONCLUSIONS: This study did not show associations of
health literacy, numeracy, or graph literacy scores with
lower risk of all-cause hospitalization or mortality. Further
research is needed with random sampling in a broader
spectrum of healthcare settings to better understand what
roles health literacy, numeracy, and graph literacy might
play in healthcare utilization and clinical outcomes.
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hospitalizations and mortality. We predicted

TAKEAWAY POINTS

that, after adjustment for known covariates,
higher levels of health literacy, numeracy, and

Despite previous research evidence, this study did not reveal an overall association of health

graph literacy would be negatively associated
with all-cause hospitalizations and mortality.

literacy, numeracy, and graph literacy with all-cause hospitalizations or mortality.

» Higher subjective numeracy in African Americans and both objective and subjective

numeracy in individuals with a history of hospitalization were associated with lower all-
cause hospitalizations.

METHODS

» Higher graph literacy was associated with lower all-cause mortality in those individuals

with a history of hospitalization.

Design and Participants

The present research is based on a cross-

sectional study conducted from January to February 2012 on
male veterans 20 years and older receiving outpatient care at a
VA medical center.!’ Participants were conveniently recruited
at outpatient clinics and met the following inclusion criteria:
enrollmentin a VA clinic, sufficient cognitive function (Mini-Cog
score >3), not depressed (Patient Health Questionnaire score <3),
and a minimum education level of eighth grade.' The partici-
pants underwent evaluations of health literacy, numeracy, and
graph literacy. After obtaining exempted review status from our
institutional review board in 2018, we proceeded to conduct a
retrospective cohort study of the veterans who had participated
in the 2012 study. Data on all-cause hospitalizations and mortality
from 2011 until September 30, 2018, were retrieved from the VA
electronic health record.

Measures

Health literacy, numeracy, and graph literacy. The following
measures were obtained in the 2012 study and were described in
detail in our previous publication.'® Health literacy was assessed
with the Newest Vital Sign (NVS),'® which consists of a nutritional
label and 6 associated questions. Scores of 0 and 1 suggest high
likelihood (>50%) of limited literacy, 2 and 3 suggest limited
literacy, and 4 to 6 indicate adequate literacy. The instrument has
shown indications of reliability and internal consistency. Objective
numeracy was measured with 13 items assessing the ability to
compare risk magnitude, convert percentages to proportions, convert
proportions to percentages, convert probabilities to proportions,
and compute probabilities.”" The Subjective Numeracy Scale is an
8-item self-report measure of perceived ability to perform various
mathematical tasks and preference for the use of numerical or prose
information.” Graph literacy was measured with a scale consisting
of 13 items that measure abilities to find specific information in a
graph, find relationships in the data shown on the graph, and make
inferences and predictions from the data.*

Outcome variables. The 2 primary study outcomes were all-cause
hospitalizations and mortality.

Information on patients’ VA all-cause hospitalizations from
1 year prior to the initial health literacy assessments in 2012 and
prospectively until December 2018 was obtained from the VA Corporate
Data Warehouse (CDW). The primary reason for hospitalization
was assessed using International Classification of Diseases, Ninth
Revision and Tenth Revision codes. These had been assigned and

recorded by trained staff after discharge. The primary reason for
hospitalization was grouped by condition.

All-cause mortality was identified through official sources
including VHA facilities, death certificates, and National Cemetery
Administration data available from the VA CDW. There is high
agreement (91%-99%) between dates of death recorded in the CDW
and dates of death recorded in external sources that feed the VHA
Vital Status File.?! The last day of follow-up was September 30, 2018.

Data Analysis

Baseline characteristics are presented as frequency (percentage)
for categorical variables, as mean (SD) for normally distributed
continuous variables, and as median (interquartile range [IQR]) for
continuous variables with skewed distributions. We report descrip-
tive statistics of sociodemographic data, number of medications,
body mass index, and Charlson Comorbidity Index (CCI) score. We
used the 5-digit zip code tabulation area and the median household
income in the past 12 months (in 2011 inflation-adjusted dollars) by
racial group from the US Census Bureau (2007-2011) to determine
differences in median household income. For purposes of the
analyses, the health literacy, objective and subjective numeracy,
and graph literacy measures were handled as continuous variables.
The association of health literacy, numeracy, and graph literacy
with all-cause hospitalizations was determined with the Andersen-
Gill model, accounting for repeated hospitalizations. Univariate
and multivariate analyses were conducted adjusting for age, race,
ethnicity, highest level of education, median household income,
age-adjusted CCI score, and all-cause hospitalizations in the previous
year. Patients were censored if they died without having a hospital
admission. We built 4 models to assess the role of the covariates
in the association between health literacy, numeracy, and graph
literacy and all-cause hospitalization: Model 1 was adjusted for
age, race, and ethnicity. Model 2 was adjusted for the covariates in
model 1and for median household income and educational level.
Model 3 was adjusted for the covariates in models 1and 2 and for
CCI score. Model 4 was adjusted for the covariates in the previous
models and for hospitalizations in the previous year.

The proportional hazard assumption was tested using scaled
Schoenfeld residuals and found to be valid. Cox regression analysis
was performed to calculate the hazard ratios (HRs) and 95% Cls of
survival for scores of health literacy, numeracy, and graph literacy.
Known factors associated with mortality (age, race, ethnicity,
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TABLE 1. Participant Characteristics

N =470

Age in years, mean (SD) 56.8(9.6)
Caucasian, n (%) 187 (39.8)
Not Hispanic, n (%) 388 (82.6)
Married, n (%) 127 (27.0)
Highest level of education, 12th grade, n (%) 291 (63.0)
Household income in $, mean (SD) 34,292 (15,236)
More than 5 medications, n (%) 368 (78.3)
Frailty index, mean (SD) 0.18 (0.07)
Charlson Comorbidity Index score, mean (SD) 3.07 (2.24)
Newest Vital Sign score, mean (SD) 3.05 (2.15)
Objective numeracy scale score, mean (SD) 5.37 (2.50)
Subjective numeracy scale score, mean (SD) 34.14 (10.51)
Graph literacy scale score, mean (SD) 7.17 (3.04)

educational level, median household income, multimorbidity) were

considered for inclusion in the analysis. We also built 4 models to

assess the role of the covariates in the association between health

literacy, numeracy, and graph literacy and mortality. Model 1 was

adjusted for age, race, and ethnicity. Model 2 was adjusted for the

confounders in model 1 and for educational level and median

household income. Model 3was adjusted for the covariates in models

1and 2 and for CCI score. Model 4 was adjusted for the covariates

in the previous models and for hospitalizations in the previous

year. These covariates were selected on a theoretical basis a priori

due to previously documented associations between each of these

factors and hospitalizations or mortality in veterans.?* Veterans’
race was classified as Caucasian, black or African American, Asian,
American Indian, or other, whereas ethnicity was considered either
(1) Hispanic or Latino or (2) non-Hispanic and non-Latino. Race and

ethnicity were self-reported by the veterans, and all the information
was retrieved from the VA electronic health record. To assess the

robustness of our results, sensitivity analyses were performed in

which we dichotomized groups by age, race, and history of hospi-
talizations. A Pearson correlation was run to assess the relationship

among health literacy, objective numeracy, subjective numeracy,
and graph literacy. Associations were considered significant if
P <.05. Follow-up duration was calculated as follows: (September
30, 2018 - literacy assessment administration date)/365. All analyses

were performed using SPSS 24.0 for Macintosh (SPSS Inc; Chicago,
Illinois) and SAS for Windows version 3.71 (SAS Institute Inc; Cary,
North Carolina). All statistical tests were 2-tailed, and statistical

significance was assumed for P <.05.

RESULTS

Participant Characteristics

Table 1 shows the characteristics of the 470 participants who had
enough data for follow-up (of the original 502). Patients were all

men, 40% were white and 83% were non-Hispanic, and the mean
(SD) age was 56.8 (9.6) years. According to the NVS categories, 135
(28.7%) had a high likelihood of limited literacy (0-1 points), 123
(26.2%) had a possibility of limited literacy (2-3 points), and 212
(45.1%) showed adequate literacy (4-6 points).

Correlations

There was a strong, positive correlation between the NVS and the
objective numeracy scale (r=0.510; P <.0005). Objective and subjec-
tive numeracy were moderately and positively correlated (r = 0.475;
P <.0005). The correlations between the NVS and the subjective
numeracy and graph literacy scale scores were also positive but
moderate (r=0.352; P <.0005; and r = 0.497; P <.0005, respectively).

Hospitalizations

There were 1081 hospitalizations over a median (IQR) follow-up
period of 2434 (17) days, with a range of O to 74 hospital admissions.
In the year before evaluation of health literacy, numeracy, and
graph literacy, 115 patients (24.5%) had atleast 1 hospitalization and
355 (75.5%) did not have any hospitalizations. Over the follow-up
period, 206 participants (43.8%) did not have any hospitalizations,
whereas 264 (56.0%) had at least 1 hospitalization. Among the
1080 hospitalizations in this cohort, the leading causes of hospital
admission were mental health issues including substance abuse (239;
22%), followed by pulmonary (181; 17%), cardiovascular (167; 15%),
and gastrointestinal (106; 10%) conditions. Among the pulmonary
group, acute exacerbations of chronic obstructive pulmonary disease
(COPD) were the most common cause of hospitalization, and acute
on chronic congestive heart failure exacerbations were the most
frequent diagnosis among the cardiovascular causes. Unspecified
abdominal pain was the most common gastrointestinal diagnosis.

Asshown in Table 2, using the Andersen-Gill model fully adjusted
for covariates (model 4), health literacy (HR, 0.98; 95% CI, 0.91-1.01;
P =.637), objective numeracy (HR, 0.96; 95% CI, 0.91-1.02; P = .178),
subjective numeracy (HR, 0.99; 95% CI, 0.97-1.01; P = .186), and
graph literacy (HR, 0.97; 95% CI, 0.93-1.02; P=.199) scores were not
associated with all-cause hospitalizations. However, some differ-
ences appeared after conducting sensitivity analysis. In terms of
age, there were no associations between health literacy, numeracy,
or graph literacy and all-cause hospitalizations in participants
younger than 60 years or those 60 years and older after adjustment.
There were significant associations of higher subjective numeracy
with lower risk for all-cause hospitalizations in African Americans
after adjustment for covariates (HR, 0.98; 95% CI, 0.95-1.00; P=.048)
but no association of health literacy (HR, 1.02; 95% CI, 0.92-1.14;
P =.721), objective numeracy (HR, 0.94; 95% CI, 0.87-1.02; P = .137),
or graphical literacy (HR, 0.96; 95% CI, 0.91-1.02; P = .226) with
all-cause hospitalizations in African Americans. There were no
significant associations of health literacy, numeracy, and graph
literacy with all-cause hospitalizations in whites. After dividing
the groups into those with and those without hospitalizations in
the previous year, differences emerged only in those participants
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TABLE 2. Association Between Health Literacy, Numeracy, and Graph Literacy Scores and Risk of Future All-Cause Hospitalizations at Follow-up
(Andersen-Gill Model)?

Model 1 HR Model 2 HR Model 3 HR Model 4 HR
Unadjusted P (95% CI) P (95% CI) P (95% CI) P (95% CI) P
Health literacy 0.94(0.88-1.02) .137 0.96(0.88-1.04) .295 0.98(0.91-1.06) .655  0.98(0.90-1.06) .578 0.98(0.95-1.01)  .637
Objective numeracy 0.92(0.86-0.98) .007 0.92(0.87-0.98) .008 0.95(0.89-1.01) .072  0.97 (0.92-1.03) 267 0.96 (0.91-1.02) .178
Subjective numeracy  0.98 (0.96-0.99) .040  0.98(0.96-0.99) .036 0.98(0.96-1.01) .122  0.98(0.96-1.01) 148 0.99 (0.97-1.01)  .186
Graphical literacy 0.93(0.88-0.97) .001 0.93(0.89-0.98) .005 0.96(0.91-1.00) .070  0.97 (0.93-1.02) 187 0.97 (0.93-1.02)  .199

HR indicates hazard ratio.

2P values in bold are significant [P <.05). Model 1 was adjusted for age, race, and ethnicity. Model 2 was adjusted for the covariates in model 1 and for mean house-
hold income and educational level. Model 3 was adjusted for the covariates in models 1 and 2 and for Charlson Comorbidity Index score. Model 4 was adjusted for
the covariates in the previous models and for hospitalizations in the previous year.

TABLE 3. Association Between Health Literacy, Numeracy, and Graph Literacy Scores and Risk of All-Cause Mortality at Follow-up?

Model 1 HR Model 2 HR Model 3 HR Model 4 HR
Unadjusted P (95% Cl) P (95% Cl) P (95% Cl) P (95% Cl1) P
Health literacy 0.93(0.83-1.05) .234 0.89(0.79-1.00) .056 0.92(0.81-1.04) .178 0.92(0.81-1.04) .184  0.93(0.81-1.06) .249
Objective numeracy 0.96 (0.87-1.06) .410  0.92(0.83-1.03) .134 0.97(0.87-1.08) .534 0.99(0.89-1.11) .956  0.99(0.89-1.11) .910
Subjective numeracy ~ 1.00(0.98-1.03)  .889  0.99(0.97-1.02) .498 1.00(0.98-1.03) .93¢6  1.01(0.98-1.03)  .667 1.01(0.98-1.04)  .537
Graphical literacy 0.89(0.83-0.97) .006 0.88(0.81-0.96) .003  0.91(0.84-1.00) .038 0.93(0.85-1.01) .085 0.93(0.85-1.01) .084

HR indicates hazard ratio.

2P values in bold are significant [P <.05). Model 1 was adjusted for age, race, and ethnicity. Model 2 was adjusted for the covariates in model 1 and for mean house-
hold income and educational level. Model 3 was adjusted for the covariates in models 1 and 2 and for Charlson Comorbidity Index score. Model 4 was adjusted for

the covariates in the previous models and for hospitalizations in the previous year.

with prior hospitalizations. Higher objective (HR, 0.89; 95% CI, 0.83-
0.97; P=.005) and subjective (HR, 0.96; 95% CI, 0.93-0.99; P =.044)
numeracy scores were associated with a lower risk of all-cause
hospitalizations after adjustment. Neither health literacy nor graph
literacy showed any associations with all-cause hospitalizations in
those individuals having atleast 1 hospitalization in the previous year.

Mortality

Over a median (IQR) follow-up period of 2434 (7) days, 63 deaths
occurred. As shown in Table 3, using a Cox regression analysis
fully adjusted for covariates (model 4), higher scores of health
literacy (HR, 0.93; 95% CI, 0.81-1.06; P = .249), objective numeracy
(HR, 0.99; 95% CI, 0.89-1.11; P = .910), and subjective numeracy
(HR, 1.01; 95% CI, 0.98-1.04; P = .537) were not associated with
all-cause mortality during follow-up. Although the univariate
and multivariate Cox regression analyses in model 1 show that
higher graph literacy scores were associated with a higher risk
of all-cause mortality, subsequent adjusted models showed no
association with all-cause mortality (model 4: HR, 0.93; 95% CI,
0.85-1.01; P=.084) (Table 3). In sensitivity analyses, there were no
associations between health literacy, numeracy, or graph literacy
and all-cause mortality after covariate adjustment according to
age groups or race. Although there were no associations of any of
the literacy domains with all-cause mortality in those participants
without prior hospitalizations, there was a significant association
between higher graph literacy scores and lower mortality in those
individuals with at least 1 hospitalization in the previous year

(unadjusted HR, 0.86; 95% CI, 0.77-0.97; P = .017; adjusted HR, 0.85;
95% CI, 0.74-0.97; P = .018). Neither health literacy nor numeracy
was associated with all-cause mortality in those with or without
hospitalizations in the previous year.

DISCUSSION

Contrary to our main hypothesis, the study did not show any asso-
ciations of health literacy, numeracy, or graph literacy scores with
lower risk of all-cause hospitalization or mortality after adjustment.
There were, however, group differences between literacy domains
and risk of all-cause hospitalization or mortality. The association
of subjective numeracy with all-cause hospitalizations was seen in
African Americans. Both higher objective and subjective numeracy
were associated with future all-cause hospitalizations only for those
individuals with a history of hospitalization in the previous year.
Higher graph literacy was associated with lower all-cause mortality
risk in those individuals with a history of hospitalization.

Health literacy has been associated with an increased risk of
hospitalizations in prior cross-sectional and cohort studies.>*%
In contrast to those studies, our sample was younger and predomi-
nantly male, and our sample size is relatively small and may limit
the interpretation of our results. Health literacy was assessed with
the NVS, an instrument that tends to overestimate the proportion of
patients with inadequate health literacy.! It is also worth noting that
adjustment for hospitalizations in the previous year was a factor that
was not considered in the analysis of previous widely cited studies.*>**?
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Individuals with a history of previous hospitalization represent a
group at higher risk of future hospitalizations.?** Failure to adjust
for this covariate may potentially lead to an overestimation of the
general effects of health literacy on future hospitalizations. Future
studies would do well to account for a history of hospitalizations
in the analysis. Also, as suggested earlier, a possible explanation
for our findings is that the structure of the VA healthcare system
helps mitigate the health risks, including risk of hospitalization,
that might otherwise be implied by lower scores on the literacy and
numeracy assessments. Factors in this could include emphases in
the VA system on clear and multimodal communication, support
of patient self-management skills, care coordination, and ongoing
quality improvement.

The prior research evidence for the association between health
literacy and mortality in older adults has been robust and consistent
across studies.”®* The absence of an association between health
literacy scores and all-cause mortality in our study may be explained
in part by the younger age of our participants and smaller sample
size compared with the cited studies. The duration of the follow-up
period may have underestimated the effects of health literacy on
mortality risk.

Although there were no significant overall associations with
future all-cause hospitalizations or mortality, there were subgroup
differences. For patients with a history of hospitalization, numeracy
showed an association with risk of further hospitalizations. The
results of the subgroup analysis suggest specific hypotheses that
can be tested in future research. Subjective numeracy may be
associated with all-cause hospitalizations in African Americans.
Both higher objective and subjective numeracy show an association
with future all-cause hospitalizations only for those individuals
with a history of hospitalizations in the previous year. Higher graph
literacy may be associated with lower all-cause mortality risk in
those individuals with a history of hospitalization. Most research
on health numeracy has focused on patient decision making and
risk communication, but little is known regarding the association
of numeracy with clinical and utilization outcomes.* Two studies
reported an association of low health numeracy with higher risk of
hospitalizations, one a small cross-sectional study consisting of a
mostly African American group of female patients with asthma®
and the other a prospective cohort of patients with heart failure.®
No previous studies looked at the association of graph literacy
with hospitalizations. Explanations for how lower numeracy may
contribute to an increased risk of hospitalizations may be related
toits role in patient self-management. Growing evidence shows the
benefits of effective patient self-management programs in reducing
healthcare utilization.*® Health numeracy is considered by some
investigators to be an even more important ability than health literacy
in enabling effective patient self-management.**“%4 Patients with
previous hospitalizations may experience more frequent interactions
with the healthcare system that would demand from them more
responsibility for self-management activities.* Numeracy deficits
may hinder these self-care abilities while patients experience the

stress and complexity that characterize hospital discharge. As the
direction of causation in the associations seen is not known, it
should also be considered that frequent hospitalizations, which
may be associated with lower overall health status and greater
cognitive dysfunction,”** may undermine patients’ numeracy
abilities and/or their confidence. The potential erosion of confidence
in numeracy abilities may be particularly relevant to the finding
of an association of subjective but not objective numeracy with
all-cause hospitalizations in African Americans. Although there
were no significant overall associations with future all-cause
hospitalizations or mortality, exploratory subgroup analyses reveal
some avenues for future research. Future research should examine
in detail the relationship between health numeracy and healthcare
utilization outcomes in longitudinal studies that include more
diverse populations and varied healthcare systems.

The nonsignificant trend for lower all-cause mortality in indi-
viduals with higher graph literacy and the significant association
with all-cause mortality in the subgroup of individuals with at least
1 hospitalization in the previous year deserve explanation. The
research evidence on these domains is sparse. Lower numeracy
was independently associated with increased all-cause mortality
after an emergency department visit in one study,” but no such
evidence exists for graph literacy. Graphical abilities may be
necessary when building self-management skills that lead to better
health outcomes. Individuals with inadequate graph literacy may
experience problems using and processing the rapidly growing
amount of health information available in the graphic formats of the
internet.**#” Understanding graphs demands complex visuospatial
and executive function abilities,*#® which may be impaired in
patients with early cognitive impairment, a known risk factor for
mortality.***° As mentioned above, cognitive impairment is also
a prevalent condition in individuals with the multiple hospital
admissions that can accompany increased risk of mortality.*
The higher all-cause mortality of the subgroup of patients with
previous hospitalizations is congruent with the expected higher
risk nature of this group. Hospitalizations are linked to a multitude
of adverse events that contribute to decreased survival, and these
effects are probably cumulative.**** It follows that patients with
a history of hospitalization would be more likely to benefit from
interventions that support self-management,*>* as these activities
may subsequently affect mortality.

Another possible explanation for the negative results in our study
may be related to the higher rate of hospitalizations due to mental
health conditions. The relationship between health literacy and
mental health illness is complex and still not well understood.>*
In the context of an acute psychiatric decompensation, the effects
of mental health issues may trounce any effects that health literacy
domains may have in these patients. The second most common
cause of hospitalizations in our study was secondary to COPD
exacerbations. A recent meta-analysis showed that self-management
interventions did not have an effect on hospitalizations in patients
with COPD,”” another potential reason for the lack of an association
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of health literacy and hospitalizations in our findings. On the
other hand, it seems reasonable to assume that, similar to our
claims regarding the independent effects of literacy constructs
on future hospitalizations, a history of previous hospitalization
may just reflect the effects of undiscovered literacy constructs.
In the latter case, adjustment for previous hospitalizations may
not be necessary. However, even after excluding for the effects
of prior hospitalizations on future hospitalizations, the results
from multivariate analyses (model 4) (Table 2) still did not reach
significance. A relatively small sample size may have resulted in
underpowered models. Therefore, our findings should be considered
exploratory. Future studies could investigate the specific aspects
of numeracy and graph literacy that predict mortality in high-risk,
high-need individuals.

Strengths and Limitations

Strengths of this study include the complete evaluation of health
literacy, numeracy, and graph literacy domains; inclusion of
data from electronic health records; a relatively long period of
follow-up; and exclusion of participants with cognitive impair-
ment or depression. Limitations of this study include the use of a
convenience sample of male veterans at 1 medical center, which
may not be representative of the older adult veteran population
as a whole. Veterans with better overall health status and higher
levels of health literacy may be more likely to participate. The
ethnic, racial, educational, and socioeconomic composition and
the structure of the healthcare system may be different from those
of other settings. The Veterans Affairs healthcare system provides
acute care services to many US veterans as part of a comprehensive
package of healthcare services. However, previous research in
the VA has shown that more than two-thirds of veterans enrolled
in the VA have access to private insurance or other government
healthcare programs, such as Medicaid and Medicare, and therefore
may have received acute care at non-VA facilities. A limitation of
this study is the lack of information regarding hospitalizations
that may have occurred outside the VA. Another limitation is the
inclusion of a sample of predominantly male veterans, which may
limit the generalizability of the results to the general population
of female patients and nonveterans with differing levels of health
literacy. Future research should increase the participant sample
size, include more women, and examine participants with more
diverse backgrounds to better understand what roles health literacy,
numeracy, and graph literacy might play in healthcare utilization.
Future studies may also benefit from accounting for history of
hospitalizations in the analysis.

CONCLUSIONS

This study did not show any overall associations of health literacy,
numeracy, or graph literacy scores with all-cause hospitalization
or mortality. Higher subjective numeracy in African Americans
and both objective and subjective numeracy in individuals with

past history of hospitalizations were associated with a lower risk
forall-cause hospitalizations. Higher graph literacy was associated
with a lower all-cause mortality risk only in those individuals with
a past history of hospitalization. B
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