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Abstract

Background—Patients hospitalized with heart failure are often readmitted. Health literacy may 

play a substantial role in the high rate of readmissions. The purpose of this study was to examine 

the association of health literacy with the composite end point of heart failure readmission rates 

and all-cause mortality in patients with heart failure living in rural areas.

Methods and Results—Rural adults (n = 575), hospitalized for heart failure within the last 6 

months completed the Short Test of Functional Health Literacy in Adults (STOFHLA) to measure 

health literacy and were followed for at least two years. The percent of patients with the end point 

of heart failure readmission or all-cause death was different (p=0.001) among the three STOFHLA 
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score levels. Unadjusted analysis revealed that patients with inadequate or marginal health literacy 

were 1.94 (95% confidence intervals [CI] 1.43, 2.63; p < 0.001) times, and 1.91 (95% CI 1.36, 

2.67; p < 0.001) times, respectively, more likely to experience the outcome. After adjustment for 

covariates, health literacy remained a predictor of outcomes. Of the other covariates, worse 

functional class, higher comorbidity burden and higher depression score predicted worse 

outcomes.

Conclusion—Inadequate or marginal health literacy is a risk factor for heart failure 

rehospitalization or all-cause mortality among rural heart failure patients.

Clinical Trials Registration: ClinicalTrials.gov; NCT00415545; http://clinicaltrials.gov/ct2/show/

NCT00415545?term=dracup&rank=3
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Heart failure patients have 30-day hospital readmission rates of about 25%, which are higher 

than those seen in other chronic conditions in Medicare-aged individuals, [1-3] and account 

for the majority of the cost associated with heart failure care. Risk models or scores to 

predict risk of readmission among heart failure patients usually are limited to factors 

predominantly linked to patient demographics and clinical characteristics.[4] For example, 

demographic characteristics such as age, gender, and race are associated with heart failure 

readmission.[1, 5-10] Clinical factors associated with heart failure readmission include 

comorbidity burden.[5, 10-12] There are, however, potentially other important, modifiable 

predictors of rehospitalization.

Because heart failure management is complex it requires a high level of patient 

participation.[13, 14] Having adequate heart failure knowledge and the requisite skills to 

engage in appropriate self-care are fundamental to avoiding preventable hospitalizations. 

Although few investigators have evaluated the impact of health literacy on heart failure 

readmission and mortality rates, general medical patients with poor health literacy were 

more likely to be hospitalized in one study of the Medicare population.[15] Specifically 

among heart failure patients, poor health literacy is associated with higher all-cause 

mortality in an integrated managed care organization.[16]

Health literacy is "the degree to which individuals have the capacity to obtain, process, and 

understand basic health information and services needed to make appropriate health 

decisions."[17] As such, although it is related to literacy, it is a construct distinct from 

literacy. Many literate people have low levels of health literacy, thus it is not sufficient to 

assume that if one is literate, one will have adequate health literacy.

In the rural setting where patients typically have lower socioeconomic resources, the impact 

of health literacy on heart failure admission is unknown. Moreover, previous investigators 

have not controlled for variables in analyses, such as depression, [15, 16, 18] which is 

known to be common among patients with heart failure and is associated with outcomes in 

such patients, and that therefore could affect the association of health literacy with 

outcomes. Some analyses were limited to Medicare populations [15] or managed care 
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organizations.[16] We therefore performed an analysis in a multicenter, rural sample 

enrolled in a randomized clinical trial of an education intervention designed to reduce heart 

failure related hospitalization.[19] We specifically examined the association of health 

literacy measured using the Short Test of Functional Health Literacy in Adults (STOFHLA) 

with heart failure readmission rates and all-cause mortality, while controlling for 

demographic, clinical and psychological covariates potentially related to the outcome or to 

health literacy.

Study Design and Sample

The study was conducted within the context of the randomized controlled trial, Rural 

Education to Improve Outcomes in Heart Failure (REMOTE-HF).[19] In brief, we tested an 

education and counseling intervention among rural heart failure patients with limited access 

to treatment in order to improve self-care abilities and decrease preventable readmissions. 

Patients were randomly assigned to one of the following three groups: 1) usual care; 2) Fluid 

Watchers LITE, which included the education program with minimal follow-up; and 3) 

Fluid Watchers PLUS, which included the education program with attention to 

individualization and biweekly follow-up.

We obtained appropriate Institutional Review Board approval from all sites. Informed 

signed consent to participate was received from each patient. Patients living in rural 

California, Nevada, and Kentucky were recruited. Patients were recruited from outpatient 

clinics and hospitals after referral to the study by healthcare providers working at these sites. 

Inclusion criteria included the following: 1) age 18 years and older with stable heart failure 

at the time of enrollment; 2) heart failure hospitalization in the past 12 months; 3) ability to 

read and write English; 4) living independently (i.e., not institutionalized). Exclusion criteria 

included the following: 1) serious life-limiting comorbidity (i.e., disease or illness predicted 

to cause death within the next 12 months); 2) diagnosed major psychiatric illness such as 

schizophrenia; 3) impaired cognition; or 4) concurrent participation in a heart failure disease 

management program. Cognitive screening using the Mini-Cog, which is a global measure 

of cognitive status,[20] was performed on patients who met other inclusion criteria to 

identify cognitive dysfunction that would preclude participation. Patients with a word recall 

score of < 3 or an abnormal clock drawing score were excluded.

After obtaining consent and before randomization, patients completed questionnaires and 

trained research associates reviewed their medical records. Data on sociodemographic (i.e., 

age, gender, race, marital status, employment status, education level), clinical (i.e., 

comorbidity burden, b-type natriuretic peptide, New York Heart Association [NYHA] 

functional class, and left ventricular ejection fraction [LVEF], and psychological variables 

(i.e., depression), as well as health literacy were collected at this time. All patients were 

followed for the composite end-point of heart failure rehospitalization or all-cause death for 

at least 2 years.
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Measures

Outcome

The combined end-point was heart failure rehospitalization or all-cause death. Patients were 

followed for at least 2 years to collect these data, which were determined using patient and 

family interview, medical record and hospital administrative database review, healthcare 

provider contact, and review of death records. Patients were phoned monthly in order to 

decrease the likelihood that we would miss an event and to increase retention.

Covariates

Health literacy was measured at baseline and before randomization using the S-TOFHLA, 

which has 36-items. Patients are scored on the number of items they get correct in seven 

minutes. The S-TOFHLA measures the patient’s ability to read and understand health-

related passages using a section on preparation for an x-ray procedure and a Medicaid 

application. The S-TOFHLA uses the Cloze procedure, in which an omitted word in a 

sentence must be chosen by the patient from a multiple choice list. Results are categorized 

into the following three levels: 1) inadequate (0-16 correct answers); 2) marginal (17-22 

correct answers); and 3) adequate health literacy (23-36 correct answers). Adequate 

reliability and validity have been demonstrated for the S-TOFHLA, and it has been widely 

used in research in a variety of patient populations.[21] The Cronbach’s alpha in our study 

was 0.762.

Comorbidity burden was assessed using the Charlson Comorbidity Index (CCI)[22] The CCI 

has well-established reliability and validity for the prediction of cumulative mortality 

attributable to comorbid disease.[22] The CCI is weighted for severity of comorbidity and is 

computed as a total score. A higher CCI score implies higher comorbidity burden.

Depression was measured using the Patient Health Questionnaire-9.[23, 24] This instrument 

is composed of nine items that are reflective of each of the nine symptoms for diagnosing 

major depressive disorder based on DSM-IV criteria. Responding by using a 4-point Likert 

scale, patients consider how commonly they have experienced the symptoms referred to in 

the items in the past two weeks. Score are totaled and can range from 0 to 27 with higher 

scores reflecting more severe depressive symptoms. This instrument is brief, reliable, valid 

and sensitive.[23-25] Cronbach’s alpha assessing the reliability of the instrument in this 

study was 0.873.

New York Heart Association functional classification was assigned by trained 

cardiovascular research nurses based on careful interview done at the time of enrollment. B-

type natriuretic peptide was measured at the time of enrollment using point of care testing 

equipment that was calibrated before each use. Left ventricular ejection fraction was 

retrieved from the medical record and the measure made closest to the enrollment date was 

used. A standardized form was used to collect demographic information. These data were 

age, gender, marital status, education, and employment.
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Data Analysis

Data were analyzed using SPSS for Windows version 20.0. Patient characteristics were 

compared among the three health literacy groups using chi-square or ANOVA as 

appropriate. Rates of occurrence of the end-point were compared among the three health 

literacy groups using chi-square. Unadjusted Cox proportional hazards regression was used 

to determine the predictive ability of health literacy for time to the composite end-point 

without covariates. We then used Cox proportional hazards regression modeling to 

determine predictive ability for time to the first occurrence of the composite end-point of all-

cause death or heart failure hospitalization from the covariates of age, gender, education, 

marital status, employment status, study, group, LVEF, b-type natriuretic peptide level, 

comorbidity burden, NYHA class, depression and health literacy. The covariates were 

included in the model using forced entry of all variables simultaneously. Proportional 

hazards assumptions were tested by examination of the deviations between the observed 

cumulative martingale residuals and the values of the explanatory variables from random 

simulations, and by evaluation of the Kolmogorov-type supremum tests from multiple 

simulated patterns. There were no violations of the assumptions.

Results

Of the 614 rural heart failure patients enrolled and followed for at least 2 years, 575 patients 

(93.6%) had baseline STOFHLA data and complete follow-up. There were no differences in 

characteristics between the 575 patients who had complete data and the 39 who did not have 

complete data.

Patients scored a mean of 25.6 ± 8.8 items (71.1 ± 24.3%) correct on the STOHFLA. A total 

of 110 (19.1%) patients received scores placing them in the inadequate health literacy 

category, 96 (16.7%) in the marginal category and 369 (64.2%) in the adequate category. 

Comparison of baseline characteristics among the three categories of health literacy revealed 

that patients differed in age, gender, education, employment, and depression score among 

the three groups (Table 1). Patients who were older, male, less educated, and unemployed, 

were more likely to be in a lower health literacy group. Patients with higher depression 

scores were more likely to be in the marginal health literacy group.

A total of 63 deaths from all causes occurred during the study period. There were almost 

twice as many deaths in the inadequate and marginal health literacy groups as in the 

adequate group (Table 2). There were 249 heart failure admissions and there were 

significantly more in the inadequate and marginal health literacy groups than in the adequate 

health literacy group (Table 2).

Unadjusted Cox regression revealed that patients with inadequate or marginal health literacy 

were 1.94 (95% confidence intervals [CI] 1.43, 2.63; p < 0.001) times, and 1.91 (95% CI 

1.36, 2.67; p < 0.001) times, respectively, more likely to experience the outcome (Figure 1). 

After adjustment for all covariates, health literacy remained a strong predictor of outcomes 

(Figure 2). Patients with inadequate or marginal health literacy were 1.71 (95% confidence 

intervals [CI] 1.20, 2.44; p = 0.003) times, and 1.66 (95% CI 1.16, 2.39; p = 0.006) times, 
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respectively, more likely to experience the outcome (Table 3). Of the other covariates, only 

NYHA class, comorbidity burden and depression score predicted outcomes. Patients with 

worse NYHA class, greater comorbidity burden, and higher depression scores have worse 

outcomes.

Discussion

Since the publication of studies demonstrating the low level of health literacy among adults 

in the United States,[17, 26] researchers and clinicians began expressing concern about the 

impact of poor health literacy on health in people with chronic conditions like heart failure.

[27-29] Poor health literacy among patients with heart failure has been found to be 

associated with low levels of knowledge about the condition,[18, 30-32] poor adherence to 

medication regimens,[33] poor self-care,[18, 34] less self-efficacy,[18] and more frequent 

use of the emergency department for heart failure exacerbations.[35] These associations 

suggest that health literacy is also likely to be associated with rehospitalization rates and 

mortality. Indeed these outcomes are worse among those with poor health literacy in a 

general Medicare population,[15] and all-cause mortality, but not rehospitalization rate, was 

higher among low literacy heart failure patients in a managed care system.[16] Recently, 

investigators have demonstrated, in ambulatory heart failure patients, that low health literacy 

was associated with both heart failure readmissions and all-cause mortality.[18]

In our large sample of rural patients from geographically different areas of the United States, 

we noted that slightly more than one-third of the sample had marginal or inadequate health 

literacy. These rates compare similarly to comparable samples of heart failure patients in 

which the same instrument was used to measure health literacy,[18, 32, 34] and are lower 

than the 61% reported in an urban, largely male and minority population.[36] In our study, 

patients in either the marginal or inadequate health literacy categories had substantially 

greater risk for heart failure rehospitalization or all-cause mortality than those patients with 

adequate health literacy, even in the context of other strong risk factors like depression, 

comorbidity burden and functional status. These data highlight the unique importance of 

health literacy to clinical outcomes in heart failure, and provide direction for future 

education efforts, and changes to policy and healthcare systems.[36]

Special approaches are needed in caring for patients with poor health literacy to ensure 

optimal outcomes. Such approaches may include improved provider-patient communication, 

development of appropriate patient education materials, and self-care promotion 

interventions. Use of more direct, collaborative communication practices by clinicians when 

interacting with patients, which involve conversation, not just delivery of instructions may 

improve health literacy or outcomes in low literacy patients.[37] With this communication 

approach, both the patient and health care provider are better able to understand how well 

the intended message was communicated. Prevailing evidence indicates that most heart 

failure patient education materials in hospitals and clinics do not meet criteria that make 

their content appropriate for most patients because of lack of understandability.[38] This 

finding suggests that all heart failure patient education materials need to be assessed for 

relevancy to those with low health literacy and revised, if needed, to make them useful. 
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There are however, no studies in which revision of commonly used materials has been tested 

directly.

Very few investigators have tested disease management interventions designed to improve 

outcomes of self-care among low literacy heart failure patients. In one effort, a multilevel 

pharmacist-led disease management intervention that included patient-centered written 

material with visual aids for low literacy was successful in improving patient satisfaction 

and medication adherence, and reducing emergency department visits and hospital 

readmissions, but only while the intervention was active.[39] In another test of a single-

session versus a multisession self-care intervention that was designed to be literacy-

sensitive, there were no differences in outcomes (i.e., quality of life, hospitalization or 

death) between the groups.[40] Trends in the data from this study suggest that among low 

literacy patients, the multisession intervention may have reduced hospitalization and 

mortality.[40] Taken together, the data on success of interventions to improve health literacy 

in patients with heart failure is quite modest, and much more work in this area is needed to 

clearly delineate the components of interventions necessary to enhance health literacy.

Some have suggested that the importance of the finding of a link between health literacy and 

outcomes lies in identification of a strong predictor of outcomes that could be measured 

easily by clinicians.[16] More importantly, however, these data demonstrate the importance 

of patient-centered variables, like health literacy, that are commonly overlooked by 

clinicians who are trained to concentrate on patients’ clinical characteristics. The emphasis 

on medications and devices to manage heart failure without attention to the impact of health 

literacy on uptake of these therapies by patients and on the uptake of related self-care 

behaviors reduces their effectiveness in many cases.

In our study, we also identified three other independent predictors of poor outcomes along 

with inadequate or marginal health literacy. These predictors were higher depression scores, 

worse NYHA functional class, and greater comorbidity burden. These findings are not new, 

but serve to confirm previous findings of the importance of these factors for defining risk for 

poor outcomes. Both clinically diagnosed depression and depressive symptoms are linked, 

independently, to morbidity and mortality. [41-44] We have previously demonstrated that 

depressive symptoms are an even stronger predictor for poor outcomes among patients with 

heart failure than b-type natriuretic peptide levels.[45] The independent association of both 

health literacy and depression with poor outcomes highlights the importance of cognitive 

and psychological variables in the clinical management of heart failure.

Greater comorbidity burden and worse NYHA functional class, common in patients with 

heart failure, both independently (and jointly) portend worse rehospitalizations and mortality 

outcomes.[46, 47] We have demonstrated previously that functional status mediates the 

relationship between poor quality of life and cardiac event-free survival in heart failure.[46] 

These two prognostic indicators of poor outcomes are easily assessed in the clinical setting 

and provide important targets for intervention.
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Limitations

Although a strength of this study is the enrollment of a large sample of patients with heart 

failure living in rural areas, this also serves as a limitation in that we are not able to 

generalize to non-rural populations.

Conclusion

Marginal or inadequate health literacy measured using a brief standardized reliable and valid 

instrument to assess health literacy is associated with higher risk of earlier heart failure 

hospitalization or all-cause death among rural patients with heart failure. Research is needed 

to define effective interventions to provide heart failure patients with limited health literacy 

the knowledge and skills they need to manage heart failure, and determine if such 

interventions also improves rehospitalization and mortality outcomes.
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Highlights

• We studied health literacy in the context of demographic, clinical and 

psychological covariates.

• This was a multicenter study of rural patients.

• Inadequate or marginal health literacy, as assessed by the Short Test of 

Functional Health Literacy in Adults (STOFHLA), is a significant independent 

risk factor for heart failure rehospitalization or all-cause mortality among rural 

heart failure patients
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Figure 1. 
Unadjusted Cox Proportional Hazards Regression Model Survival Curve For Prediction of 

Composite End-point of Heart Failure Hospitalization or All-Cause Death from Health 

Literacy
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Figure 2. 
Cox Proportional Hazards Regression Model Survival Curve for Prediction of Composite 

End-point of Heart Failure Hospitalization or All-Cause Death from Health Literacy, 

Adjusted for Covariates
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Table 1

Baseline Characteristics Compared by Health Literacy Groups

Health Literacy Groups (N=575)

Inadequate
Score=0-16

n = 110

Marginal
Score = 17-22

n = 96

Adequate
Score= 23-36

n = 369

p-value

Characteristics

Age, mean ± SD 73.9 ± 10.7 68.0 ± 11.9 63.0 ± 12.6 <0.001

Charlson Comorbidity
Index, mean ± SD

3.4 ± 1.73 3.4 ± 1.8 3.3 ± 1.8 0.791

Left ventricular ejection
fraction, %

40.1 ± 15.8 41.0 ± 15.9 39.1 ± 15.7 0.518

B-type natriuretic
peptide, pcg/ml

524 ± 1474 444 ± 555 376 ± 904 0.396

Depression score 6.5 ± 5.5 8.8 ± 7.2 7.2 ± 6.4 0.026

N (%) N (%) N (%)

Caucasian 99 (90.9) 84 (87.5) 328 (88.9) 0.850

Female 35 (31.8) 35 (36.5) 164 (44.4) 0.040

Currently married or
cohabitating

63 (57.3) 61 (63.5) 205 (55.6) 0.371

Education <0.001

less than high school 31 (28.2) 20 (20.8) 43 (11.7)

high school graduate 53 (48.2) 47 (49.0) 185 (50.1)

beyond high school 26 (23.6) 29 (30.2) 141 (38.2)

Employed 5 (4.5) 8 (8.3) 72 (19.5) <0.001

NYHA functional class
     I-II
     III-IV

61 (55.5)
49 (44.5)

55 (57.3)
41 (42.7)

260 (70.7)
108 (29.3)

0.002

Study group
    Usual care
     LITE
     PLUS

45 (40.9)
33 (30.0)
32 (29.1)

35 (36.5)
34 (35.4)
27 (28.1)

120 (32.5)
125 (33.9)
124 (33.6)

0.498

NYHA = New York Heart Association; STOFHLA = Short Test of Functional Health Literacy in Adults
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Table 2

Occurrence of Heart Failure Admission or All-Cause Death by Health Literacy

Health Literacy Groups, N = 575

Inadequate
Score = 0-16

n = 110

Marginal
Score = 17-22

n = 96

Adequate
Score= 23-36

n = 369

p-value

N (%) N (%) N (%)

All-cause deaths 17 (15.5) 14 (14.6) 32 (8.7) 0.001

Heart failure
rehospitalizations

44 (40.0) 33 (34.4) 172 (29.9)

Did not experience the end-
point

49 (44.5) 49 (51.0) 242 (65.6)

Group (N=575)
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Table 3

Results of Multivariable Cox Regression Analysis

Variables Hazard Ratio P Value 95% Confidence
Intervals

Male gender 1.229 .191 .902-1.675

Age 1.010 .254 .993-1.026

Not married, divorced or widowed
(vs married or cohabitate)

.995 .971 .747-1.324

Education level 1.187 .443 .766-1.841

Employed for pay (vs all else) 1.031 .754 .605-1.757

Intervention group
 Control vs LITE
 Control vs PLUS

1.325
1.013

.167

.096

.941

.952-1.846

.724-1.417

Left ventricular ejection fraction .996 .397 .986-1.006

NYHA class III/IV (vs I/II) 1.850 <.001 1.389-2.465

B-type natriuretic peptide 1.00 .180 1.000-1.000

Comorbidity burden 1.101 .012 1.022-1.186

Depression score 1.036 .002 1.013-1.058

Health literacy
 Marginal vs adequate
 Inadequate vs adequate

1.714
1.662

.002

.003

.006

1.202-2.443
1.156-2.391
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