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BACKGROUND: Associations between low health literacy
(HL) and adverse health outcomes have been well documented in the outpatient setting; however, few studies have
examined associations between low HL and in-hospital outcomes.
OBJECTIVE: To compare hospital length of stay (LOS)
among patients with low HL and those with adequate HL.
DESIGN: Hospital-based cohort study.
SETTING: Academic urban tertiary-care hospital.
PATIENTS: Hospitalized general medicine patients.
MEASUREMENTS: We measured HL using the Brief Health
Literacy Screen. Severity of illness and LOS were obtained
from administrative data. Multivariable linear regression controlling for illness severity and sociodemographic variables was
employed to measure the association between HL and LOS.

Health literacy (HL), defined as patients’ ability to understand health information and make health decisions,1 is
a prevalent problem in the outpatient and inpatient settings.2,3 In both settings, low HL has adverse implications
for self-care including interpreting health labels4 and taking
medications correctly.5 Among outpatient cohorts, HL has
been associated with worse outcomes and acute care utilization.6 Associations with low HL include increased hospitalizations,7 rehospitalizations,8,9 emergency department
visits,10 and decreased preventative care use.11 Among the
elderly, low HL is associated with increased mortality12 and
decreased self-perception of health.13
A systematic review revealed that most high-quality HL
outcome studies were conducted in the outpatient setting.6
There have been very few studies assessing effects of low
HL in an acute-care setting.7,14 These studies have evaluated postdischarge outcomes, including admissions or readmissions,7-9 and medication knowledge.14 To the best of
our knowledge, there are no studies evaluating associations
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RESULTS: Among 5540 participants, 20% (1104/5540) had
low HL. Participants with low HL had a longer average LOS
(6.0 vs 5.4 days, P < 0.001). Low HL was associated with an
11.1% longer LOS (95% confidence interval [CI], 6.1%-16.1%;
P < 0.001) in multivariate analysis. This effect was significantly modified by gender (P = 0.02). Low HL was associated with
a 17.8% longer LOS among men (95% CI, 10.0%-25.7%;
P < 0.001), but only a 7.7% longer LOS among women (95%
CI, 1.9%-13.5%; P = 0.009).
CONCLUSIONS: In this single-center cohort study, low HL was
associated with a longer hospital LOS. The findings suggest that
the adverse effects of low HL may extend into the inpatient setting, indicating that targeted interventions may be needed for
patients with low HL. Further work is needed to explore these
negative consequences and potential mitigating factors. Journal of Hospital Medicine 2017;12:969-973. Published online first
September 20, 2017. © 2017 Society of Hospital Medicine

between HL and hospital length of stay (LOS).
LOS has received much attention as providers and payers
focus more on resource utilization and eliminating adverse
effects of prolonged hospitalization.15 LOS is multifactorial,
depending on clinical characteristics like disease severity, as
well as on sociocultural, demographic, and geographic factors.16 Despite evidence that LOS reductions translate into
improved resource allocation and potentially fewer complications, there remains a tension between the appropriate
LOS and one that is too short for a given condition.17
Because low HL is associated with inefficient resource utilization, we hypothesized that low HL would be associated
with increased LOS after controlling for illness severity. Our
objectives were to evaluate the association between low HL
and LOS and whether such an association was modified by
illness severity and sociodemographics.
METHODS
Study Design, Setting, Participants

An in-hospital, cohort study design of patients who were
admitted or transferred to the general medicine service at
the University of Chicago between October 2012 and November 2015 and screened for inclusion as part of a large,
ongoing study of inpatient care quality was conducted.18
Exclusion criteria included observation status, age under 18
years, non-English speaking, and repeat participants. Those
who died during hospitalization or whose discharge status
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was missing were excluded because the primary goal was to
examine the association of HL and time to discharge, which
could not be evaluated among those who died. We excluded
participants with LOS >30 days to limit overly influential
effects of extreme outliers (1% of the population).
Variables

HL was screened using the Brief Health Literacy Screen
(BHLS), a validated, 3-question verbal survey not requiring
adequate visual acuity to assess HL.19,20 The 3 questions are as
follows: (1) “How confident are you filling out medical forms
by yourself?”, (2) “How often do you have someone help you
read hospital materials?”, and (3) “How often do you have
problems learning about your medical condition because of
difficulty understanding written information?” Responses to
the questions were scored on a 5-point Likert scale in which
higher scores corresponded to higher HL.21,22 The scores for
each of the 3 questions were summed to yield a range between
3 and 15. On the individual questions, prior work has demonstrated improved test performance with a cutoff of ≤3, which
corresponds to a response of “some of the time” or “somewhat”; therefore, when the 3 questions were summed together, scores of ≤9 were considered indicative of low HL.21,23
For severity of illness adjustment, we used relative weights
derived from the 3M (3M, Maplewood, MN) All Patient
Refined Diagnosis Related Groups (APR-DRG) classification system, which uses administrative data to classify the
severity. The APR-DRG system assigns each admission to a
DRG based on principal diagnosis; for each DRG, patients
are then subdivided into 4 severity classes based on age,
comorbidity, and interactions between these variables and
the admitting diagnosis.24 Using the base DRG and severity
score, the system assigns relative weights that reflect differences in expected hospital resource utilization.
LOS was derived from hospital administrative data and
counted from the date of admission to the hospital. Participants who were discharged on the day of admission were
counted as having an LOS of 1. Insurance status (Medicare,
Medicaid, no payer, private) also was obtained from administrative data. Age, sex (male or female), education (junior
high or less, some high school, high school graduate, some
college, college graduate, postgraduate), and race (black/African American, white, Asian or Pacific Islander [including
Asian Indian, Chinese, Filipino, Japanese, Korean, Vietnamese, other Asian, Native Hawaiian, Guam/Chamorro,
Samoan, other Pacific], American Indian or Alaskan Native, multiple race) were obtained from administrative data
based on information provided by the patient. Participants
with missing data on any of the sociodemographic variables
or on the APR-DRG score were excluded from the analysis.
Statistical Analysis

χ2 and 2-tailed t tests were used to compare categorical and
continuous variables, respectively. Multivariate linear regressions were employed to measure associations between
the independent variables (HL, illness severity, race, gender,
970
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education, and insurance status) and the dependent variable, LOS. Independent variables were chosen for clinical
significance and retained in the model regardless of statistical significance. The adjusted R2 values of models with and
without the HL variable included were reported to provide
information on the contribution of HL to the overall model.
Because LOS was observed to be right skewed and residuals of the untransformed regression were observed to be
non-normally distributed, the decision was made to natural
log transform LOS, which is consistent with previous hospital LOS studies.16 Regression coefficients and confidence
intervals were then transformed into percentage estimates
using the following equation: 100(eβ–1). Adjusted R2 was
reported for the transformed regression.
The APR-DRG relative weight was treated as a continuous variable. Sociodemographic variables were dichotomized as follows: female vs male; high school graduates vs
not; African American vs not; Medicaid/no payer vs Medicare/private payer. Age was not included in the multivariate
model because it has been incorporated into the weighted
APR-DRG illness severity scores.
Each of the sociodemographic variables and the APRDRG score were examined for effect modification via the
same multivariate linear equation described above, with the
addition of an interaction term. A separate regression was
performed with an interaction term between age (dichotomized at ≥65) and HL to investigate whether age modified
the association between HL and LOS. Finally, we explored
whether effects were isolated to long vs short LOS by dividing the sample based on the mean LOS (≥6 days) and
performing separate multivariate comparisons.
Sensitivity analyses were performed to exclude those with
LOS greater than the 90th percentile and those with APRDRG score greater than the 90th percentile; age was added to
the model as a continuous variable to evaluate whether the illness severity score fully adjusted for the effects of age on LOS.
Furthermore, we compared the participants with missing data
to those with complete data across both dependent and independent variables. Alpha was set at 0.05; analyses were performed using Stata Version 14 (Stata, College Station, TX).
RESULTS
A total of 5983 participants met inclusion criteria and completed the HL assessment; of these participants, 75 (1%) died
during hospitalization, 9 (0.2%) had missing discharge status,
and 79 (1%) had LOS >30 days. Two hundred eighty (5%)
were missing data on sociodemographic variables or APRDRG score. Of the remaining (n = 5540), the mean age was
57 years (standard deviation [SD] = 19 years), over half of participants were female (57%), and the majority were African
American (73%) and had graduated from high school (81%).
The sample was divided into those with private insurance
(25%), those with Medicare (46%), and those with Medicaid
(26%); 2% had no payer. The mean APR-DRG score was 1.3
(SD = 1.2), and the scores ranged from 0.3 to 15.8.
On the BHLS screen for HL, 20% (1104/5540) had inadJournal of Hospital Medicine
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TABLE 1. Associations with Length of Stay
Unadjusted
Characteristic

Adjusted

% Change (95% CI)

P Value

% Change (95% CI)

P Value

HL
Adequate HL
Low HL

Reference
14.3 (8.5 to 20.1)

<.001

Reference
11.1 (6.1 to 16.1)

<.001

Severity of Illness
APR-DRG, 1 point increase

36.0 (34.1 to 38.0)

<.001

35.3 (33.3 to 37.2)

<.001

−5.9 (−9.7 to −2.0)
−4.1 (−9.0 to 0.9)
−16.1 (−20.0 to −12.3)
−13.0 (−16.9 to −9.1)

.003
.1
<.001
<.001

0.0 (−3.6 to 3.5)
−3.3 (−7.8 to 1.2)
−7.2 (−11.0 to −3.4)
−7.4 (−11.1 to −3.7)

1
.1
<.001
<.001

Sociodemographics
Female
Non-HS grad
African American
Medicaid/Uninsured
N, Adj R2

5540, 25.0%

NOTE: Multivariate models adjusted for the following covariates: HL, APR-DRG score, gender, education, race, and insurance status. Abbreviations: Adj, adjusted; APR-DRG, all payer refined diagnosis related group; CI, confidence interval;
HL, health literacy; HS, high school.

equate HL. Participants with low HL had higher weighted
illness severity scores (average 1.4 vs 1.3; P = 0.003). Participants with low HL were also more likely to be 65 or older
(55% vs 33%; P < 0.001), non-high school graduates (35%
vs 15%; P < 0.001), and African American (78% vs 72%; P
< 0.001), and to have Medicare or private insurance (75%
vs 71%; P = 0.02). There was no significant difference with
respect to gender (54% male vs 57% female; P = 0.1)
The mean and median LOS were 6 ± 5 days and 4 days
(interquartile range 2-7 days), respectively. Those with low
HL had a longer average LOS (6.0 vs 5.4 days; P < 0.001).
In multivariate analysis controlling for APR-DRG score,
gender, education, race, and insurance status, low HL was
associated with an 11.1% longer LOS (95% CI, 6.1-16.1; P
< 0.001; Table 1). The adjusted R2 value for the regression
was 25.0% including HL and 24.7% with HL excluded. Additionally, being African American (P < 0.001) and having
Medicaid or no insurance (P < 0.001) were associated with a
shorter LOS in multivariate analysis (Table 1). The association of HL and LOS in multivariate modeling remained significant among participants with LOS <6 days (10.2%; 95%
CI, 5.6%-14.9%; P < 0.001), but not among participants
with LOS ≥6 days (0.4%; 95% CI, −3.6% to 4.4%; P = 0.8).
Neither age ≥65 (P = 0.4) nor illness severity score (P =
0.5) significantly modified the effect of HL on LOS. However, the effect of HL on hospital LOS was significantly modified by gender (P = 0.02). Among men, low HL was associated with a 17.8% longer LOS (95% CI, 10.0%-25.7%; P
< 0.001), but among women, low HL was associated with
only a 7.7% longer LOS (95% CI, 1.9%-13.5%; P = 0.009).
Among the remaining demographics, high school graduation status (P = 0.4), being African American (P = 0.6),
and insurance status (P = 0.2) did not significantly modify
the effect of HL on LOS. In sensitivity analysis, excluding
participants with LOS above the 90th percentile of 12 days
and excluding participants with illness severity scores above
An Official Publication of the Society of Hospital Medicine

the 90th percentile, low HL was still associated with longer
LOS (P < 0.001 and P = 0.001, respectively; Table 2). In the
final sensitivity analysis, although age remained a significant
predictor of longer LOS after controlling for illness severity
(0.2% increase per year, 95% CI, 0.1%-0.3%; P < 0.001),
low HL nevertheless remained significantly associated with
longer LOS (P < 0.001; Table 2).
Finally, we compared the group with missing data (n =
280) to the group with complete data (n = 5540). The participants with missing data were more likely to have low HL
(31% [86/280] vs 20%; P < 0.001) and to have Medicare
or private insurance (82% [177/217] vs 72%; P = 0.002);
however, they were not more likely to be 65 or older (40%
[112/280] vs 37%; P = 0.3), high school graduates (88%
[113/129] vs 81%; P = 0.06), African American (69%
[177/256] vs 73%; P = 0.1), or female (57% [158/279] vs
57%; P = 1), nor were they more likely to have longer LOS
(5.7 [n = 280] vs 5.5 days; P = 0.6) or higher illness severity
scores (1.3 [n = 231] vs 1.3; P = 0.7).
DISCUSSION
To our knowledge, this study is the first to evaluate the association between low HL and an important in-hospital
outcome measure, hospital LOS. We found that low HL
was associated with a longer hospital LOS, a result which
remained significant when controlling for severity of illness
and sociodemographic variables and when testing the model for sensitivity to the highest values of LOS and illness
severity. Additionally, the association of HL with LOS appeared concentrated among participants with shorter LOS.
Relative to other predictors, the contribution of HL to the
overall LOS model was small, as evidenced by the change in
adjusted R2 values with HL excluded.
Among the covariates, only gender modified the association between HL and LOS; the findings suggested that men
were more susceptible to the effect of low HL on increased
Journal of Hospital Medicine
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TABLE 2. Associations with Length of Stay: Sensitivity Analysis
Excluding >90th % LOS
Characteristic
HL
Adequate HL
Low HL
Severity of Illness
APR-DRG, 1
point increase
Sociodemographics
Female
Non-HS grad
African American
Medicaid/Uninsured
Age (1 year increase)
N, Adj R2

Exclude >90th % APR-DRG

Including Age

% Change (95% CI)

P Value

% Change (95% CI)

P Value

% Change (95% CI)

P Value

Reference
8.8 (4.1 to 13.5)

<.001

Reference
8.6 (3.6 to 13.7)

.001

Reference
9.1 (4.1 to 14.1)

<.001

33.1 (30.5 to 35.6)

<.001

87.7 (80.7 to 94.6)

<.001

35.1 (33.2 to 37.1)

<.001

2.3 (−1.2 to 5.8)
−2.0 (−6.3 to 2.2)
−4.2 (−8.0 to −0.4)
−7.3 (−10.8 to −3.8)
—

.2
.4
.03
<.001
—

1.7 (−2.0 to 5.3)
−3.3 (−7.8 to 1.3)
−5.3 (−9.4 to −1.3)
−6.7 (−10.5 to −2.9)
—

.4
.2
.009
.001
—

−0.4 (−4.0 to 3.1)
−4.5 (−8.9 to −0.05)
−7.8 (−11.6 to −4.0)
−3.7 (−7.9 to 0.6)
0.2 (0.1 to 0.3)

.8
.048
<.001
.09
<.001

5079, 15.5%

4988, 19.6%

5540, 25.2%

NOTE: Multivariate models adjusted for the following covariates: HL, APR-DRG score, gender, education, race, insurance status, and age (in the third model). Abbreviations: —, no data; %, percentile; Adj, adjusted; APR-DRG, all patient
refined diagnosis related group; CI, confidence interval; HL, health literacy; HS, high school; LOS, length of stay.

LOS. Illness severity and other sociodemographics, including age ≥65, did not appear to modify the association. We
also found that being African American and having Medicaid or no insurance were associated with a significantly
shorter LOS in multivariate analysis.
Previous work suggested that the adverse health effects of
low HL may be mediated through several pathways, including health knowledge, self-efficacy, health skills, and illness
stigma.25-27 The finding of a small but significant relationship
between HL and LOS was not surprising given these known
associations; nevertheless, there may be an additional patient-dependent effect of low HL on LOS not discovered
here. For instance, patients with poor health knowledge and
self-efficacy might stay in the hospital longer if they or their
providers do not feel comfortable with their self-care ability.
This finding may be useful in developing hospital-based
interventions. HL-specific interventions, several of which
have been tested in the inpatient setting,14,28,29 have shown
promise toward improving health knowledge,30 disease severity,31 and health resource utilization.32
Those with low HL may lack the self-efficacy to participate in discharge planning; in fact, previous work has related
low HL to posthospital readmissions.8,9 Conversely, patients
with low HL might struggle to engage in the inpatient milieu, advocating for shorter LOS if they feel alienated by the
inpatient experience.
These possibilities show that LOS is a complex measure
shown to depend on patient-level characteristics and on
provider-based, geographical, and sociocultural factors.16,33
With these forces at play, additional effects of lower levels of
HL may be lost without phenotyping patients by both level
of HL and related characteristics, such as self-efficacy, health
skills, and stigma. By gathering these additional data, future
work should explore whether subpopulations of patients
972
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with low HL may be at risk for too-short vs too-long hospital
admissions.
For instance, in this study, both race and Medicaid insurance were associated with shorter LOS. Being African American was associated with shorter LOS in our study but has been
found to be associated with longer LOS in another study specifically focused on diabetes.34 Prior findings found uninsured
patients have shorter LOS.35 Therefore, these findings in our
study are difficult to explain without further work to understand whether there are health disparities in the way patients
are cared for during hospitalization that may shorten or lengthen their LOS because of factors outside of their clinical need.
The finding that gender modified the effect of low HL on
LOS was unexpected. There were similar proportions of men
and women with low HL. There is evidence to support that
women make the majority of health decisions for themselves
and their familes36; therefore, there may be unmeasured aspects of HL that provide an advantage for female vs male
inpatients. Furthermore, omitted confounders, such as social
support, may not fully capture potential gender-related differences. Future work is needed to understand the role of
gender in relationship to HL and LOS.
Limitations of this study include its observational, single-centered design with information derived from administrative data; positive and negative confounding cannot be
ruled out. For instance, we did not control for complex aspects affecting LOS, such as discharge disposition and goals
of care (eg, aggressive care after discharge vs hospice). To address this limitation, multivariate analyses were performed,
which were adjusted for illness severity scores and took into
account both comorbidity and severity of the current illness.
Additionally, although it is important to study such populations, our largely urban, minority sample is not representative of the U.S. population, and within our large sample,
Journal of Hospital Medicine
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there were participants with missing data who had lower
HL on average, although this group represented only 5% of
the sample. Finally, different HL tools have noncomplete
concordance, which has been seen when comparing the
BHLS with more objective tools.20,37 Furthermore, certain
in-hospital clinical scenarios (eg, recent stroke or prolonged
intensive care unit stay) may present unique challenges in
establishing a baseline HL level. However, the BHLS was
used in this study because of its greater feasibility.
In conclusion, this study is the first to evaluate the relationship between low HL and LOS. The findings suggest that HL
may play a role in shaping outcomes in the inpatient setting
and that targeting interventions toward screened patients
may be a pathway toward mitigating adverse effects. Our findings need to be replicated in larger, more representative samples, and further work understanding subpopulations within

the low HL population is needed. Future work should measure
this association in diverse inpatient settings (eg, psychiatric,
surgical, and specialty), in addition to assessing associations
between HL and other important in-hospital outcome measures, including mortality and discharge disposition.
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