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A Prospective Observational Study
Assessing the Impacts of Health Literacy
and Psychosocial Determinants of Health
on 30-day Readmission Risk

Ojas A Deshpande, BS"'**, John A Tawfik, BS'** (1),

Aram A Namavar, MD, MS"", KimNgan P Nguyen, MD, MPH',
Sitaram S Vangala, MS', Tahmineh Romero, MS, MSSc',

Neil N Parikh, MD, MBA'®, and Erin P Dowling, MD'*®

Abstract

Our objective was to assess the utility of an assessment battery capturing health literacy (HL) and biopsychosocial determi-
nants of health in predicting 30-day readmission in comparison to a currently well-adopted readmission risk calculator. We
also sought to capture the distribution of inpatient HL, with emphasis on inadequate and marginal HL (an intermediate HL
level). A prospective observational study was conducted to obtain HL and biopsychosocial data on general medicine inpatients
admitted to the UCLA health system. Five hundred thirty-seven subjects were tracked prospectively for 30-day readmission
after index hospitalization. HL was significantly better at predicting readmission compared to LACE + (Length, admission acu-
ity, comorbidities, emergency room visits) alone (P=.013). A multivariate model including education, insurance, and language
comfort was a strong predictor of adequate HL (P<.001). In conclusion, HL offered significant improvement in risk stratifi-
cation in comparison to LACE + alone. Patients with marginal HL were high-risk, albeit difficult to characterize. Incorporating
robust HL and biopsychosocial determinant assessments may allow hospital systems to allocate educational resources
towards at-risk patients, thereby mitigating readmission risk.

Keywords
health literacy, 30-day readmission, observation, predictive analysis, health outcomes, social determinants, hospital medicine,
marginal health literacy, LACE +, AURA, TOFHLA, patient education, healthcare language barriers.

Introduction of readmission when evaluating geriatric patients (4). It

Tn response to national guidelines by the Center for Medicare was also ineffective at predicting risk for hospitalized heart

and Medicaid Services to focus efforts on reducing hospital
readmissions, healthcare systems seek to optimize transitions
of care. Population-specific factors for poor care transitions
have incorporated measures to predict 30-day readmission
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rates among hospitalized patients as a means to reduce
unplanned readmissions (1). Metrics including the LACE +
score (a standardized readmission risk tool including length
of stay [L], acuity of admission [A], comorbidities [C], emer-
gency room visits [E]) (2), have assisted providers in direct-
ing care towards high-risk patients for future readmission by
utilizing clinical and nonclinical parameters (2,3). However,
such tools are limited in specific populations. For example,
the LACE + score was demonstrated to be a poor predictor
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failure patients with limited health knowledge (5). Closer
investigations of readmission risk stratification tools within
various hospital populations are necessary to determine the
appropriate allocation of resources.

Among other studied parameters, functional health literacy
(used interchangeably with HL in this study) has been shown
to correlate with length of stay (LOS) and readmission rates
(6,7). As per the Institute of Medicine, HL 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 decisions”(8). Recent
studies have investigated HL’s ability to predict readmissions
for patients with specific disease states (9-13). In contrast to
the LACE +, HL was shown to significantly predict mortality
in patients with heart failure in a rural setting (11).
Additionally, high HL was strongly associated with higher self-
care confidence in hospitalized heart failure patients (9). Studies
also suggest associations between HL and auxiliary risk factors
for readmission, such as fall tendency in geriatric patients (14).

Multiple studies have utilized abbreviated tools such as the
Rapid Estimate of Adult Literacy in Medicine and the Brief
Health Literacy Screen (BHLS) to expediently assess patients,
providing a binary output (High or Low) for HL with varying
degrees of success (15-17). Jaffee et al. (18) demonstrated
that the binary HL stratification tool, BHLS, could be used to
elicit an association between LOS and HL. However, there is
a paucity of studies utilizing validated tools that stratify HL
beyond 2 functional categories, to assess HL’s impacts with
greater nuance and granularity. One such validated tool, the
test of functional health literacy in adults (TOFHLA) includes
a marginal HL category, defined as an intermediate level of
HL between adequate and inadequate, with an objective range
of scores that define its reproducibly. Statistical analyses in
the literature depict marginal HL as equivalent to a 7th or 8th
grade reading, comprehension level (19). However, due to a ten-
dency to bifurcate functional HL level in creating shorter screen-
ing tools, the authors of this study theorize that patients with
intermediate levels of HL remain uncharacterized. Thus, such
patients are difficult to risk stratify. Moreover, few studies
have investigated the impact of psychosocial determinants
such as patient self-efficacy and language comfort on HL and
readmission risk prediction (20-23).

Given the latent utility of HL assessment as an aid to risk
stratify patients at risk for poor transitions of care, we evalu-
ated the potential of using robust HL measurements in a risk
assessment of our inpatient population. Within the scope of
patient-centered readmissions work, our first objective was
to assess the combined power of HL and psychosocial deter-
minants in predicting 30-day readmission in general medicine
inpatients. To fulfill this objective, we conducted a prospective
observational study utilizing an assessment battery of psycho-
social factors related to patient transitions of care and the vali-
dated assessment tool, TOFHLA, which measures HL. with
increased granularity by including a marginal subcategory.
We also compared the assessment battery’s risk-predictive
capacity to that of the LACE + score. Our second objective

was to better summarize the distribution of marginal and inad-
equate HL within our inpatient population, to better identify
features of the population with marginal HL. Through this
study, we hope to understand how an extensive assessment
of HL and psychosocial determinants of health might fit into
operational improvements in transitions of care workflows.

Methods

This prospective cohort study was conducted at 2 medical
centers within the UCLA Health System: Ronald Reagan
UCLA Medical Center (a tertiary care, academic teaching
hospital) and UCLA Medical Center-Santa Monica (a
teaching-affiliate community hospital). The study was con-
ducted from February 16, 2018, to August 8, 2018. The pro-
tocol was submitted to the institutional review board (IRB)
and was determined to be exempt from full IRB review.

As part of the protocol, trained quality improvement (Q.1.)
personnel interviewed adult general medicine inpatients
meeting inclusion criteria (Appendix Table 1a) at the bedside,
utilizing the TOFHLA (Appendix Table 2). The TOFHLA eval-
uates functional HL, assessing numeracy and reading compre-
hension through a modified cloze procedure (24). For the
purposes of this study, numeracy was defined as the ability to
understand and use quantitative information, as per the defini-
tion within the administration manual of the TOFHLA tool
(Appendix Figure 1). Correct response frequency was translated
to one of the TOFHLA’s 3 HL proficiencies: Inadequate (score:
0-16), Marginal (score: 17—22), and Adequate (score: 23—36).
Descriptive criteria for each level of HL, as stated in the official
administration manual, are provided in the Appendix. Patients
unable to read or speak English or Spanish at any fluency
were excluded from the study, as the TOFHLA tool is validated
only in English and Spanish. Patients that could speak English
or Spanish at any fluency, but preferred another language were
asked whether they prefer a translator or preferred to interact
with care providers in English or Spanish. Patients that preferred
a translator were excluded from the study population. Patients
that could speak English or Spanish at any fluency but preferred
another language were also accounted for by the language pref-
erence question (Appendix Figure 2). Excluded patients were
not given a HL status. Patients with permanent caregivers (for
any medical purposes) that always needed to be present
within the hospital room were also excluded from the study
(see Appendix Table 1b for further details on exclusion criteria).

A cluster of psychosocial metrics: patient education level,
self-rated health status, language comfort, native language,
internet access to health content, ethnicity, gender, age, insur-
ance status, and self-efficacy was included in the assessment
battery. Self-efficacy was interpreted as the patient’s belief in
their abilities to interpret health information, perform health
care tasks, and exercise control over their healthcare activities.
We assessed this using a validated proxy measure termed the
“Ask, Understand, Remember Assessment (AURA) tool.”
The AURA consists of 4 statements at a 6th-grade reading
level and includes 4 tiers of agreement (25) (Appendix
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Figure 3). Education level was measured using the International
Standard Classification of Education (26) (Appendix Table 3).
Patient self-rated health status was obtained using a 4-point
scale (Appendix Table 4). Patients were subsequently asked
to report their preferred language and their level of comfort
with English using a validated 4-point scale (27) (Appendix
Table 5). Patient access to internet health content was evaluated
using a binary (yes/no) response (28). Patient ethnicity was self-
reported and matched to a category in the US Census 6-category
ethnicity table (29) (Appendix Table 6). Demographic data
including patient gender, insurance provider, and age were elic-
ited from the patient and confirmed utilizing the electronic
medical record. LACE + scores, as calculated at the time of
index hospitalization discharge, were also recorded from the
electronic medical record.

Upon completion of bedside assessments, responses were
securely stored in a database referred to as REDCap
(Research Electronic Data Capture), a clinical research
workflow-optimized, HIPAA compliant data storage platform
(30). Following index discharge, enrolled patients placed in
cohorts corresponding to their HL as defined by the
TOFHLA were tracked prospectively, utilizing the electronic
medical record to determine their 30-day readmission status
within the UCLA Health hospital system. Patients readmitted
for planned organ transplantation, maintenance chemotherapy,
planned procedures, or obstetrical delivery were considered
planned readmissions and excluded from the analysis.

Statistical Analysis

Two sample #-tests were used to compare continuous varia-
bles between groups, and Fisher’s exact test was used to
compare categorical variables. TOFHLA was analyzed as a
binary variable (adequate vs inadequate/marginal).
Unadjusted and multivariable logistic regression models
were also used to analyze associations between patient char-
acteristics and all 3 TOFHLA categories, as well as readmis-
sions. Associations were summarized using odds ratios
(ORs) and their 95% confidence intervals (CI). To evaluate
whether TOFHLA adds predictive value to LACE + score
predicting 30-day readmission (y/n), the area under the
curve (AUC) from the receiver operating characteristic
(ROC) curves of the 2 logistic models using LACE + score
and combined LACE + score and TOFHLA, were compared
using DeLong’s test. All tests were 2-sided, and P-values
<.05 were considered statistically significant. The data sets
were assessed using completed case analysis, in which
subject entries with incomplete or missing parameters were
omitted from analysis, to ensure statistical uniformity.
Analyses were performed using SAS, Copyright I
2002-2012 by SAS Institute Inc., Cary, NC, USA.

Results

Five hundred thirty-seven patients met the inclusion criteria
and were subsequently evaluated by trained Q.I. personnel

Table I. Univariate Statistics Summary of Patients’ Demographics
and TOFHLA Scores.

Variable N=537
Age

MEAN (SD) 56.02 (18.43)
Ethnicity

White 289 (54%)

Hispanic/Latino 107 (20%)

Black/African American 80 (15%)

Other 64 (12%)
Gender

Female 269 (50%)

Male 268 (50%)
Education

Less than HS

HS or Some college

College & post grad degree
Preferred language English

27 (5%)
247 (46%)
263 (50%)

No 166 (31%)

Yes 370 (69%)
Insurance type

MediCal 37 (7%)

Medicare 209 (39%)

PPO 37 (7%)

Other 247 (46%)

Missing 2 (0.003%)
TOFHLA score

Adequate 339 (64%)

Marginal 134 (25%)

Inadequate 64 (12%)

to partake in our study. Table 1 is a summary of the descrip-
tive statistics obtained for the patient cohorts.

Sample Characteristics

The median LOS was 7 days (IQR=4-13 days), and the
mean LACE+ score was 58.97 (SD=14.7). As per the
LACE + score interpretation guidelines(2), LACE + scores
were defined as having low (score < 28), medium (score
between and including 29-58), and high (score >59) risk
for readmission. This suggests that our patient population
had several comorbidities, and at baseline, was on the
border between medium and high risk for readmission.
When tracking patients prospectively, it was determined
that 107 (19.9%) patients had an unplanned readmission
within the UCLA health system, 30-days after index
discharge.

Parametric Associational Analysis

A ROC curve was used to assess the LACE + score’s ability
to discriminate between 30-day unplanned readmitted and
nonreadmitted patients. A second ROC curve was also gen-
erated by combining TOFHLA and LACE+ to evaluate
any improvement in the discriminatory ability of the
model. The AUC for LACE+ was 0.55, 95% CI:
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Figure I. ROC curve comparison between TOFHLA and LACE +
scores in terms of readmission predictive power. LACE + score
alone (AUC=0.55, 95% Cl: 0.49-0.61) with a model including
LACE + score and TOFHLA adequate score (y/n) (AUC=0.062;
95% Cl: 0.013-0.111).
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Figure 2. ROC curve of multivariable model investigation, a
combination of demographic as TOFHLA predictors. AUC =0.77,
95% CI (0.72-0.82).

(0.49-0.61) (Figure 1), while the combined TOFHLA and
LACE+ score model had an AUC of 0.61; 95%CI:
(0.55-0.68). AAUC was calculated by determining the differ-
ence between TOFHLA combined with LACE + AUC and
TOFHLA and LACE+ AUC alone. The P-value was

calculated using DelLong’s test. The combined model per-
formed significantly better than LACE + alone, AAUC =
0.062, 95%CI (0.013, 0.111); P =.013 (Figure 1).

Predictors of TOFHLA

With the observed improvement in predictive performance
by combining TOHFLA with LACE + and given that the
feasibility of administering the TOFHLA tool was not yet
determined, we sought to ascertain whether a patient’s
TOHFLA score could be predicted in terms of commonly
captured demographic and clinical characteristics. We first
determined individual associations between HL and multiple
psychosocial factors to help characterize patient HL. Fisher’s
exact test revealed a significant association between adequate
HL and high education level (P<.001). Fisher’s exact test
also demonstrated a significant association between inade-
quate HL and low education (less than high school P=
.045). AURA scores were used to effectively assess a
patient’s self-efficacy. A Spearman correlation illustrated a
significant correlation between HL and AURA score (tho =
0.12; P=.018) as well as HL and self-rated health status
(rho =0.09; P=.044). In multivariate analysis, the strongest
predictors of Adequate TOHFLA (y/n) included: age (P<
.001), gender (P=.03), education (Less than High School,
High school and some college, and College and
Postgraduate Degree) (P<.001), insurance (Medical,
Medicare, PPO, and Other) (P =.05), and preferred language
English (y/n) (P=.009) (Appendix Table 7). The selected
metrics were designated as predictors of TOFHLA score
based on their significant individual associations in compar-
ison to other elicited metrics. Given their significant individ-
ual predictive power, we sought to determine the combined
performance of these metrics in predicting HL. ROC analysis
was conducted to achieve this and revealed that the AUC for
the multivariable model was 0.77, 95%CI (0.72-0.82)
(Figure 2). However, these combined characteristics (stated
above) did not yield a significant correlation with readmis-
sion (AUC 0.18, 95%CI [0.10-0.27]).

Characterization of Marginal HL

In diving deeper into the granularity of the TOFHLA tool, we
observed that marginal HL had a higher association with
readmission, compared to inadequate HL (OR 3.28, 95%
CI [1.85-5.38]), P<.001). Inadequate HL also had a
higher association with readmission when compared to ade-
quate HL (OR 1.94, 95% CI [1.048-3.603], P<.001). The
mean education level for marginal HL was at the level of
“some college coursework without a degree.” However,
identifying marginal HL wusing education as a proxy
measure may not account for all marginal HL patients, due
to variance in education levels (in contrast to adequate and
inadequate HL, where the education level is significantly cor-
related, P<.001 and P =.045, respectively).
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The language preference metric revealed that 31% of the
total subject population had chosen a non-English primary lan-
guage. Patients with marginal HL had a higher “non-English
language” preference (39.9%). However, a majority (60.1%)
of marginal HL patients were comfortable with English instruc-
tions, in contrast to the 71% of patients with inadequate HL
choosing a non-English primary language.

Basic Feasibility Analysis

In a post-hoc feasibility analysis, we examined the time taken
to administer the TOFHLA and capture other metrics to
determine the feasibility of fitting this assessment battery
into existing hospital system workflows. The total adminis-
tration time for the TOFHLA assessment (mean time of
12.8 min per patient [SD: 2.82]) and psychosocial determi-
nant assessments (mean total time of 3.0 min [SD: 1.1])
was 15.8 min. This time does not include pre-administration
tasks to determine patient eligibility (using inclusion and
exclusion criteria). Four printed pages of assessment
battery administration-associated materials were required
per patient. Data input into the REDCap database was con-
ducted manually upon conclusion of assessments and took
approximately 15 min for every 5 patients surveyed (mean
input time: 15.3 min, SD: 3.6).

Discussion

Our first objective proposed a comparison between the com-
bined predictive power of the TOFHLA and psychosocial
parameters to that of the LACE + score regarding readmis-
sion risk. The ROC curve (Figure 1) for the TOFHLA and
LACE+ model performed significantly better than the
LACE + alone in predicting readmission (P =.013). A mul-
tivariable regression utilized education, ethnicity, preferred
language (all cited as having an impact on HL) and other
metrics including insurance status and language preference
did not yield significant correlation with readmission risk
(C-statistic 0.18) but had a strong ROC (C-statistic =0.77)
when estimating HL (23,26) (Figure 2). This indicates that
the collection of disparate metrics may not capture the
breadth of psychosocial influences tied to HL that affect read-
mission risk directly and indirectly. A cross-sectional analy-
sis conducted by Fiscella et al. depicted direct, individual
associations between variables such as ethnicity, income
and relative risk of influenza infection (23), but further
work is needed to appreciate how these variables portend
marginal HL as a risk factor for readmission. The data vali-
dates that the LACE + tool alone may not sufficiently iden-
tify patients at high risk of readmission. The ROC analysis
(Figure 2) also supports the position of utilizing the set of
metrics including age, gender, education level, insurance,
and preferred language as a proxy for TOFHLA score.
However, the inability of this model to significantly predict
readmission restricts us from incorporating these metrics
solely into clinical care plans. Other models using pre-

Table 2. TOFHLA Categorization Levels Based on Health Literacy
Fluency.

TOFHLA
Level score Functional HL description
Inadequate 0-16 Unable to read and interpret health
HL texts
Marginal HL 17-22 Has difficulty reading and
interpreting health texts
Adequate HL 23-36 Can read and interpret most health

texts

Table 3. International Standard Classification of
Education. Eight Classifications.

International standard classification of education

Less than High School

High School Diploma or equivalent
Some College, no degree
Postsecondary non-degree award
Associate’s degree

Bachelor’s degree

Master’s degree

Doctoral or Professional degree

Table 4. Self-Rated Health Status Using
5-Point Likert Scale Standardized Question.

Self-rated health status assessment scale

1. Very bad
2. Bad

3. Good

4. Very Good
5. Excellent

existing social determinant parameters available in a patient’s
chart have been developed to eliminate the use of additional
tools. For example, the area deprivation index (ADI), devel-
oped by the United States federal census office, was utilized
by Hu et al. to appreciate the statistically significant influ-
ences of environment (such as a patient’s neighborhood) on
readmission likelihood (31). A promising body of research
harnessing machine learning to titrate the weightage of indi-
vidual social determinants on readmission risk is also under-
way (32,33).

Metrics such as the AURA reflect how social parameters
such as self-efficacy have a quantifiable impact on the
quality of life. The significant positive association between
AURA score and HL (P=.018) indicates that inadequate
HL and lower self-efficacy may increase barriers to commu-
nication and compliance. Metrics such as self-rated health
status also remain unquantified, possibly due to the difficulty
in data capture. However, the significant positive association
between HL and self-rated health status (P =.044) suggests
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that a patient’s perception of health status may adversely
affect their HL and may have impacts on readmission risk.
Patients with low HL may invariably enter the hospital
setting with a low self-efficacy and thus perceive their
health condition as suboptimal due to their inability to

Table 5. Standardized 4-Point Scale to
Assess English Language.

English language assessment scale

1. Not at all
2. Not well

3. Well

4. Very well

Table 6. U.S. Census
6-Category Ethnicity
Categorization.

Ethnicity categorization

American Indian/Alaska native
Asian

Black/African American

Pacific Islander

White

Hispanic/Latino

effectively utilize health resources and navigate the health-
care environment (Figure 1). This is consistent with the liter-
ature for specific patient populations. Taal et al. (34)
demonstrated an association between self-efficacy and
health status amongst patients with rheumatoid arthritis, con-
cluding that patient education should focus on strengthening
self-efficacy to improve self-management. Furthermore,
Salbach et al. (35) observed a positive association between
self-efficacy and health status in post-stroke patients in a ran-
domized trial.

The complexity in identifying marginal HL patients, as
noted in the results, may force care teams to default marginal
HL patients to the adequate category, as such patients may
have some competency that masks any limitations without
a deeper investigation. However, the data suggests that mar-
ginal HL patients should be defaulted to the inadequate HL
category, due to the greater similitude in population profiles
and higher readmission risk. Specifically, as it pertains to dis-
charge teaching, it is plausible that the marginally health lit-
erate patient will understand some post-discharge
instructions but misunderstand details that are necessary for
complex medication administration.

The analysis also revealed that the optimal period for
assessment battery administration was well before patient dis-
charge, to effectively organize educational interventions deliv-
ery around the patient’s predicted LOS. Additionally,
incorporation of the assessment battery into a clinical care

Table 7. Univariate (Unadjusted) and Logistic Regression Model (Adjusted) Model Using TOFHLA Proficiencies as Outcome Variables. Two
Sample t-Tests Were Used to Compare Continuous Variables Between Groups, and Fisher’s Exact Test was Used to Compare Categorical

Variables.
Unadjusted-odds ratio Adjusted-odds ratio (w/ Adjusted-odds ratio (w/
Effect (95%Cl) P-value transplant) P-value o transplant) P-value
Age 0.98 (0.97, 0.99) .0048  0.96 (0.95, 0.98) <00l  0.96 (0.95, 0.98) <.001
Gender male 0.73 (0.48, 1.12) 1541 0.79 (0.49, 1.28) 336 0.8 (0.49, 1.29) 361
Ethnicity <.00/ .006 .006
Hispanic/Latino versus 0.26 (0.15, 0.44) <.001  0.41 (0.2, 0.83) .0139  0.41 (0.2, 0.85) .0lé
White
Black/African American 0.44 (0.24, 0.81) .0088  0.35(0.18, 0.68) .002 0.35 (0.18, 0.68) .002
versus White
Other versus White 0.63 (0.31, 1.3) 2133 0.7 (0.3, 1.66) 4186  0.71 (0.3, 1.68) 437
Education <.00] <001/ <.00]
HS or Some college versus  6.41 (2.61, 15.75) <.001  5.23 (1.85, 14.78) .002 5.43 (1.94, 15.21) .001
Less than HS
College degree and Post 13.94 (5.53, 35.11) <.001 10.72 (3.64, 31.58) <.001 11.16 (3.83, 0.57) <.001
graduate versus Less than
HS
Insurance .003 .061 .058
Medicare versus MediCal 2.49 (1.21, 5.11) 0139 274 (1.17, 6.43) .021 2.76 (1.18, 6.48) .020
PPO versus MediCal 2.32 (0.87, 6.18) .0938  1.53 (0.5, 4.65) 455 1.53 (0.5, 4.65) 456
Other versus MediCal 3.95 (191, 8.17) <.001  2.8(1.24, 6.37) 014 2.82 (1.24, 6.41) .013
Preferred language English versus  2.84 (1.83, 4.39) <001 2.23(1.22, 4.08) .010 2.25 (1.23,4.11) .009
Other
Transplant yes versus no 1.58 (0.84, 2.97) 1568  1.21 (0.61, 2.43) .583
Internet access yes versus no 2.99 (1.65, 5.44) <.001
Good self-health yes versus no 1.31 (0.85, 2.02) .2189
Aura high versus low 2.34 (1.52, 3.61) <.00]
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management plan upon admission would have allowed for
timely delivery of assessments, reducing interference with
transition of care procedures. Volunteer Q.I. personnel also
reduced the burden on nursing and clerical staff by administer-
ing the assessment battery during their standard volunteer shift
hours. Given that physicians and allied health care providers
could utilize collected data to make educational resource allo-
cation decisions in real time, the intended user base for the
assessment battery data was determined to be care-team con-
stituents responsible for choosing, and delivering educational
interventions to patients during discharge planning.

As part of the next steps to inform change, the results were
presented to health system leadership focused on readmission
reduction as well as nursing leadership focused on patient
education. Further pilots utilizing the study results are in
development to help administer patient education to at risk
populations at integral times to improve patient outcome
and experience.

Limitations

This study should be interpreted in view of its limitations.
While we were able to enroll patients at 2 study sites, our
results may not be generalizable to other patient popula-
tions. Additionally, paper administration of the assessment
battery might be cumbersome without dedicated Q.I. per-
sonnel due to burdening health systems with resource con-
straints. Utilizing an electronic medium may augment
administration time and ease, and reducing data upload
time. Moreover, readmissions of patients within other
departments were not captured, potentially affecting the
predictive capacity of the metrics discussed. Future itera-
tions will include piloting this assessment battery in
other service lines.

Conclusion

The superior predictive capacity of HL demonstrates its value
in readmission risk assessment. Known psychosocial deter-
minants such as ethnicity, language preference, and educa-
tion level fail to characterize marginal HL effectively,
highlighting the latent need to increase the granularity of
HL assessment tools used in stratifying readmission risk.
However, these determinants, along with others such as
AURA score and self-rated health status, associate signifi-
cantly with adequate HL, underscoring the multifactorial
composition of HL as a socio-clinical marker of patient
health. Further interventions may focus on optimizing HL
tool administration and integration into operational work-
flows for discharge planning in general medicine and step-
down unit patients. Additionally, broadening the linguistic
scope of the TOFHLA may capture HL in high readmission
risk patients with no English or Spanish fluency.

Finally, the utilization of trained volunteer Q.I. personnel
and electronic assessment mediums could augment prospec-
tive data collection. The data on psychosocial determinants

presented here could act as a nidus for the assembly of
larger datasets that more accurately capture marginal HL.
Through the assessment of HL and the collection of signifi-
cantly associated psychosocial determinants, hospital
systems may allocate educational resources towards marginal
HL patients and reduce the risk of unplanned readmissions in
this patient population.

Acknowledgments

The authors would like to thank Q.I. personnel who implemented
data collection for the study.

Declaration of Conflicting Interests

The authors declared no potential conflicts of interest with respect to
the research, authorship, and/or publication of this article.

Funding

The authors disclosed receipt of the following financial support for
the research, authorship, and/or publication of this article: This work
was supported by the National Center for Advancing Translational
Sciences (NCATS), National Institutes of Health (NIH) (grant
number ULITR001881).

Informed Consent

Verbal informed consent was obtained from the patients for their
anonymized information to be published in this article.

ORCID iD

John A Tawfik (12} https:/orcid.org/0000-0001-9653-4311

References

1. Berenson RA, Paulus RA, Kalman NS. Medicare’s readmissions-
reduction program—a positive alternative. N Engl J Med.
2012;366(15):1364—6. doi:10.1056/nejmp1201268

2. van Walraven C, Wong J, Forster AJ. LACE + index: extension
of a validated index to predict early death or urgent readmission
after hospital discharge using administrative data. Open Med.
2012;6(3):¢80-90. Published 2012 Jul 19.

3. Garrison GM, Robelia PM, Pecina JL, Dawson NL. Comparing
performance of 30-day readmission risk classifiers among hos-
pitalized primary care patients. J Eval Clin Pract. 2016;23-
(3):524-9. doi:10.1111/jep.12656

4. Cotter PE, Bhalla VK, Wallis SJ, Biram RW. Predicting read-
missions: poor performance of the LACE index in an older
UK population. Age Ageing. 2012;41(6):784-9. doi:10.1093/
ageing/afs073

5. Tbrahim AM, Koester C, Al-Akchar M, Nitin T, Regmi M,
Bhattarai M, et al. HOSPITAL score, LACE index and
LACE + index as predictors of 30-day readmission in patients
with heart failure. BMJ Evidence-Based Med. 2019;25(5):
166-7. doi:10.1136/bmjebm-2019-111271

6. Mitchell SE, Sadikova E, Jack BW, Paasche-Orlow MK.
Health literacy and 30-Day post-discharge hospital utilization.
J Health Commun. 2012;17(sup3):325-38. doi:10.1080/
10810730.2012.715233


https://orcid.org/0000-0001-9653-4311
https://orcid.org/0000-0001-9653-4311
http://dx.doi.org/10.1056/nejmp1201268
http://dx.doi.org/10.1111/jep.12656
http://dx.doi.org/10.1093/ageing/afs073
http://dx.doi.org/10.1093/ageing/afs073
https://doi.org/10.1136/bmjebm-2019-111271
https://doi.org/10.1136/bmjebm-2019-111271
https://doi.org/10.1136/bmjebm-2019-111271
http://dx.doi.org/10.1080/10810730.2012.715233
http://dx.doi.org/10.1080/10810730.2012.715233

Journal of Patient Experience

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Cawthon C, Mion LC, Willens DE, Roumie CL, Kripalani S.
Implementing routine health literacy assessment in hospital
and primary care patients. Joint Commiss J Qual Patient Saf.
2014;40(2):68-76 doi:10.1016/s1553-7250(14)40008-4
Institute of Medicine (US) Committee on Health Literacy,
Nielsen-Bohlman L, Panzer AM, Kindig DA, eds. Health
Literacy: A Prescription to End Confusion. Washington (DC):
National Academies Press (US), 2004.

Dennison CR, McEntee ML, Samuel L, Johnson BJ, Rotman S,
Kielty A, et al. Adequate health literacy is associated with
higher heart failure knowledge and self-care confidence in hos-
pitalized patients. J Cardiovasc Nurs. 2011;26(5):359-67.
doi:10.1097/jcn.0b013e3 181116188

Bailey SC, Fang G, Annis IE, O’Conor R, Paasche-Orlow MK,
Wolf MS. Health literacy and 30-day hospital readmission after
acute myocardial infarction. BMJ Open. 2015;5(6):¢006975.
doi:10.1136/bmjopen-2014-006975

Moser DK, Robinson S, Biddle MJ, Pelter MM, Nesbitt TS,
Southard J, et al. Health literacy predicts morbidity and mortal-
ity in rural patients with heart failure. J Card Fail. 2015;21-
(8):612-8. doi:10.1016/j.cardfail.2015.04.004

Jaffee EG, Arora VM, Matthiesen MI, Hariprasad SM, Meltzer
DO, Press VG. Post-discharge falls and readmissions: associa-
tions with insufficient vision and low health literacy among
hospitalized seniors. J Health Commun. 2016;21(sup2):135—
40. doi:10.1080/10810730.2016.1179371

Sterling MR, Safford MM, Goggins K, Nwosu SK, Schildcrout
JS, Wallston KA, et al. Numeracy, health literacy, cognition,
and 30-day readmissions among patients with heart failure. J
Hosp Med. 2018;13(3):145-51. doi:10.12788/jhm.2932
Chesser AK, Woods NK, Reyes J, Rogers NL. Health literacy
and older adults: fall prevention and health literacy in a
Midwestern state. J Aging Res Healthc. 2018;2(2):23-32.
doi:10.14302/issn.2474-7785 jarh-17-1911

Wallace LS, Rogers ES, Roskos SE, Holiday DB, Weiss BD.
Brief report: screening items to identify patients with limited
health literacy skills. J Gen Intern Med. 2006;21(8):874-7.
doi:10.1111/j.1525-1497.2006.00532.x

Willens DE, Kripalani S, Schildcrout JS, Cawthon C, Wallston
K, Mion LC, et al. Association of brief health literacy screening
and blood pressure in primary care. J Health Commun.
2013;18(sup1):129-42. doi:10.1080/10810730.2013.825663
Louis AJ, Arora VM, Matthiesen MI, Meltzer DO, Press VG.
Screening hospitalized patients for Low health literacy:
beyond the REALM of possibility? Health Educ Behav.
2016;44(3):360—4. doi:10.1177/1090198116661478

Jaffee EG, Arora VM, Matthiesen MI, Meltzer DO, Press VG.
Health literacy and hospital length of stay: an inpatient cohort
study. J Hosp Med. 2017;12(12):969-73. doi:10.12788/jhm.2848
Paasche-Orlow MK, Parker RM, Gazmararian JA,
Nielsen-Bohlman LT, Rudd RR. The prevalence of limited
health literacy. J Gen Intern Med. 2005;20(2):175-84. doi:10.
1111/j.1525-1497.2005.40245 .x

Liechty JM. Health literacy: critical opportunities for social
work leadership in health care and research. Health Soc
Work. 2011;36(2):99-107. doi:10.1093/hsw/36.2.99

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Gilmour JA. Reducing disparities in the access and use of inter-
net health information. A discussion paper. Int J Nurs Stud.
2007;44(7):1270-8. doi:10.1016/j.ijnurstu.2006.05.007

Sen A. Health: perception versus observation. Br Med J.
2002;324(7342):860—1. doi:10.1136/bm;j.324.7342.860
Fiscella K, Franks P, Doescher MP, Saver BG. Disparities in
health care by race, ethnicity, and language Among the
insured. Med Care. 2002;40(1):52-9. doi:10.1097/
00005650-200201000-00007

Parker RM, Baker DW, Williams MV, Nurss JR. Test of func-
tional health literacy in adults. PsycTESTS Dataset.
1995;10(10):537-41. doi:10.1037/t10545-000

Clayman ML, Pandit AU, Bergeron AR, Cameron KA, Ross E,
Wolf MS. Ask, understand, remember: a brief measure of
patient communication self-efficacy within clinical encounters.
J Health Commun. 2010;15(sup2):72-9. doi:10.1080/
10810730.2010.500349

International Standard Classification of Education (ISCED)
2011. UNESCO Institute for Statistics. 2012. doi:10.15220/
978-92-9189-123-8-en.

Wilson E, Hm Chen A, Grumbach K, Wang F, Fernandez A.
Effects of limited English proficiency and physician language
on health care comprehension. J Gen Intern Med. 2005;20-
(9):800-6. doi:10.1111/1.1525-1497.2005.0174.x

Ayantunde AA, Welch NT, Parsons SL. A survey of patient sat-
isfaction and use of the internet for health information. Int J
Clin Pract. 2007;61(3):458-62. doi:10.1111/j.1742-1241.
2006.01094.x

Humes KR, Jones NA, Ramirez RR. Overview of Race and
Hispanic Origin: 2010 United States Census Bureau. March
2011.

Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N, Conde
JG. Research electronic data capture (REDCap)—A metadata-
driven methodology and workflow process for providing trans-
lational research informatics support. J Biomed Inform.
2009;42(2):377-81. doi:10.1016/j.jbi.2008.08.010

Hu J.,, Kind A. J., Nerenz D. Area deprivation index predicts
readmission risk at an urban teaching hospital. Am J Med
Qual. 2018; 33(5), 493-501. doi: 10.1177/1062860617753063
Hosseinzadeh A, Izadi M, Verma A, Precup D, Buckeridge D.
Assessing the predictability of hospital readmission using
machine learning. 2013. In Twenty-fifth [AAI conference.
2020.

Jiang S, Chin KS, Qu G, Tsui KL. An integrated machine learning
framework for hospital readmission prediction. Knowl Based Syst.
2018;146:73-90. doi: 10.1016/j.knosys.2018.01.027

Taal E, Rasker JJ, Seydel ER, Wiegman O. Health status,
adherence with health recommendations, self-efficacy
and social support in patients with rheumatoid arthritis.
Patient Educ Couns. 2018;20(2-3):63-76. doi: 10.1016/
0738-3991(93)90122-D

Salbach NM, Mayo NE, Robichaud-Ekstrand S, Hanley JA,
Richards CL, Wood-Dauphinee S. Balance self-efficacy and
its relevance to physical function and perceived health status
after stroke. Arch Phys Med Rehabil. 2006; 87(3), 364-70.
doi: 10.1016/j.apmr.2005.11.017


https://doi.org/10.1016/s1553-7250(14)40008-4
https://doi.org/10.1016/s1553-7250(14)40008-4
https://doi.org/10.1016/s1553-7250(14)40008-4
https://doi.org/10.1097/jcn.0b013e3181f16f88
https://doi.org/10.1136/bmjopen-2014-006975
https://doi.org/10.1136/bmjopen-2014-006975
https://doi.org/10.1136/bmjopen-2014-006975
https://doi.org/10.1016/j.cardfail.2015.04.004
http://dx.doi.org/10.1080/10810730.2016.1179371
https://doi.org/10.12788/jhm.2932
http://dx.doi.org/10.14302/issn.2474-7785.jarh-17-1911
http://dx.doi.org/10.14302/issn.2474-7785.jarh-17-1911
http://dx.doi.org/10.14302/issn.2474-7785.jarh-17-1911
http://dx.doi.org/10.14302/issn.2474-7785.jarh-17-1911
http://dx.doi.org/10.1111/j.1525-1497.2006.00532.x
http://dx.doi.org/10.1111/j.1525-1497.2006.00532.x
https://doi.org/10.1080/10810730.2013.825663
http://dx.doi.org/10.1177/1090198116661478
http://dx.doi.org/10.12788/jhm.2848
http://dx.doi.org/10.1111/j.1525-1497.2005.40245.x
http://dx.doi.org/10.1111/j.1525-1497.2005.40245.x
http://dx.doi.org/10.1111/j.1525-1497.2005.40245.x
http://dx.doi.org/10.1093/hsw/36.2.99
http://dx.doi.org/10.1016/j.ijnurstu.2006.05.007
http://dx.doi.org/10.1136/bmj.324.7342.860
http://dx.doi.org/10.1097/00005650-200201000-00007
http://dx.doi.org/10.1097/00005650-200201000-00007
http://dx.doi.org/10.1097/00005650-200201000-00007
http://dx.doi.org/10.1097/00005650-200201000-00007
https://doi.org/10.1037/t10545-000
https://doi.org/10.1037/t10545-000
http://dx.doi.org/10.1080/10810730.2010.500349
http://dx.doi.org/10.1080/10810730.2010.500349
http://dx.doi.org/10.15220/978-92-9189-123-8-en
http://dx.doi.org/10.15220/978-92-9189-123-8-en
http://dx.doi.org/10.15220/978-92-9189-123-8-en
http://dx.doi.org/10.15220/978-92-9189-123-8-en
http://dx.doi.org/10.15220/978-92-9189-123-8-en
http://dx.doi.org/10.15220/978-92-9189-123-8-en
http://dx.doi.org/10.15220/978-92-9189-123-8-en
http://dx.doi.org/10.1111/j.1525-1497.2005.0174.x
http://dx.doi.org/10.1111/j.1525-1497.2005.0174.x
http://dx.doi.org/10.1111/j.1742-1241.2006.01094.x
http://dx.doi.org/10.1111/j.1742-1241.2006.01094.x
http://dx.doi.org/10.1111/j.1742-1241.2006.01094.x
http://dx.doi.org/10.1016/j.jbi.2008.08.010
http://dx.doi.org/10.1177/1062860617753063
https://doi.org/10.1016/j.knosys.2018.01.027
http://dx.doi.org/10.1016/0738-3991(93)90122-D
http://dx.doi.org/10.1016/0738-3991(93)90122-D
http://dx.doi.org/10.1016/0738-3991(93)90122-D
http://dx.doi.org/10.1016/0738-3991(93)90122-D
http://dx.doi.org/10.1016/j.apmr.2005.11.017

Deshpande et al

Appendix

Descriptive criteria for each category of health literacy
according to TOFHLA administration protocol:

Table la. Study Inclusion Criteria.

directions for their healthcare.” They are likely to
“take their medication incorrectly, or fail to follow
prescribed diets or treatment regiments.”

Inclusion criteria

Reasoning

Age >18
Patient primary care team: internal medicine only (all patients
within the purview of internal medicine hospitalists in general
medicine wards)
Ability to read English or Spanish language at any fluency
* Do not require access to translator and prefer to speak in the
chosen language (English or Spanish) with the care provider.

Ability to speak English or Spanish language at any fluency

* Patients with other language preferences that did not want a
translator (preferred to communicate in English or Spanish)
were still valid candidates for the TOFHLA, as they preferred
either English or Spanish over their primary language, during
all patient-provider interactions.

Ability to comprehend and respond to prompts provided by

research assistants:

* Negative assessment of altered mental status by nurse
assessment and medical history

* Negative assessment of oculomotor or visual function
impairment by nurse assessment and medical history

Ability to provide informed consent to Q.l. personnel at all
segments of assessment battery administration
Subject must be located within a private hospital room

Subject may be bilingual, but must select a preferred language

Patients with caregivers for specific physical needs only.

¢ Per TOFHLA, AURA administration instructions.

*  Access to patients in other service lines was limited, and most patients
in these service lines did not meet mental and visual acuity criteria
during the study period.

» English OR Spanish fluency at any level meant that patients could be
provided the TOFHLA (English) or TOFHLA (Spanish) as a valid
measure of health literacy.

* Patients with other language preferences that did not want a
translator (preferred to communicate in English or Spanish) were still
valid candidates for the TOFHLA, as they preferred either English or
Spanish over their primary language, during all patient-provider
interactions.

* English OR Spanish fluency at any level meant that patients could be
provided the TOFHLA (English) or TOFHLA (Spanish) as a valid
measure of health literacy.

* Patient visual acuity and mental status were assessed by the providing
nurse, to ensure that patient evaluation via TOFHLA was effectively
assessing health literacy.

*  Q.l. personnel would ensure that collected data was given with fully
informed consent, and patient consent status did not change
throughout the assessment period.

* Subjects in hospital rooms with significant background noise or
interaction with others were excluded, to minimize interruptions and
distractions during the assessment.

* Patients were required to select the preferred language for
interactions with all care providers. This was confirmed with the nurse
in charge of care.

»  Caregivers were required to leave the room during assessment battery
administration, to ensure that their prompts or responses did not
dffect the patient’s responses.

e Adequate HL — Patients are able “to read, under-
stand and interpret most health text.”

e Marginal HL — Patients have “difficulty reading and
interpreting health text,” and “struggle to understand

e Inadequate HL —Patient are “unable to read and
interpret health texts.”
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Table Ib. Study exclusion criteria

Exclusion criteria

Reasoning

Age <18 years

Altered mental or visual/
oculomotor impaired
status as determined by
nurse assessment

No fluency in English or
Spanish language

Patients with permanent
caregivers for any
medical purpose that
require assisting the
patient with tasks beyond
the daily living activities,
and any assistance in
mental tasks.

Per TOFHLA and AURA
administration guidelines
Inability to perform tasks
required to assess health
literacy and other metrics,
per the print material
administered in the
assessment battery

Patients that required
translator services during
interactions with care
providers and could not
speak English or Spanish in
any fluency could not be
tested with the TOFHLA.
Patient mental ability and
thus health literacy is likely to
be influenced by the
caregiver in any interactions
with the healthcare system.
Additionally, such caregivers
were unable leave the room,
introducing opportunity for
error.

PASSAGE A

Your doctor has sent you to have a

You must have an
a. asthma
b. empty
c. incest
d. anemia

a. stomach
b. diaberes
c. stitches
d. germs

stomach wh

Xeray.

Al

en you come for

am.

if.

po o

A2-A3

Figure |. TOFHLA sample passage as given to subject.

Patient language preference

l

[

‘ English ’ ‘ Spanish ’

Included in study
population

Spanish

Can communicate AND
read in English or

translator for

Does NOT prefer
communication

Does prefer
translator

|

Included in study population
+ language preference
recorded

Included in study
population

Cannot communicate
AND read in English or
Spanish

Requires bedside attendant
(caregiver/family member) for
communication assistance

Excluded from study ‘

|
Excluded from study

\
J

Excluded from study

population

Figure 2. Study design—~Patient language preferences were subclassified and utilized to determine the study population using the

schematic above.
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Figure 3. Ask, Understand, Remember Assessment (AURA) tool scoring and interpretation index. Source: Clayman et al., 2010.

AURA

I am going to ask you just a few questions about your visits with your doctor. Tell
me if you AGREE or DISAGREE with the following statements.

INTERVIEWER: Affer the patient responds, ask if they AGREE or DISAGREE ‘A Litfle’
or ‘A Lot' fo the statement.

DISAGREE AGREE

[1.1tis easy for me to ask my doctor questions.

1 2 3 4
(A Lot) (A Little) (A Little) (A Lot)
2. It is easy for me to ask for help if | don't understand something.
1 2 3 4
(A Lot) (A Little) (A Little) (A Lot)
3. It is easy for me to understand my doctor’s instructions.
1 2 3 4
(A Lot) (A Little) (A Little) (A Lot)
4. It is easy for me to remember my doctor's instructions.
1 2 3 4
(A Lot) (A Little) (A Little) (A Lot)
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