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Abstract

Objective—To examine the impact of health literacy on hospitalizations and death in a
population of patients with heart failure (HF).

Patients and Methods—Residents from the 11-county region in southeast Minnesota with a
first-ever International Classification of Diseases, Ninth Revision code 428 or Tenth Revision code
150 (n=5121) from January 1, 2013, through December 31, 2015, were identified and
prospectively surveyed to measure health literacy using established screening questions. A total of
2647 patients returned the survey (response rate, 52%); 2487 patients with complete health literacy
data were retained for analysis. Health literacy, measured as a composite score on three 5-point
scales, was categorized as adequate (=8) or low (<8). Cox proportional hazards regression and
Andersen-Gill models were used to examine the association of health literacy with mortality and
hospitalization.

Results—Of 2487 patients (mean age, 73.5 years; 53.6% male [n=1333]), 10.5% (n= 261) had
low health literacy. After mean = SD follow-up of 15.5+7.2 months, 250 deaths and 1584
hospitalizations occurred. Low health literacy was associated with increased mortality and
hospitalizations. After adjusting for age, sex, comorbidity, education, and marital status, the hazard
ratios for death and hospitalizations in patients with low health literacy were 1.91 (95% CI, 1.38-
2.65; P<.001) and 1.30 (95% CI, 1.02-1.66; P=.03), respectively, compared with patients with
adequate health literacy.

Conclusion—Low health literacy is associated with increased risks of hospitalization and death
in patients with HF. The clinical evaluation of health literacy could help design interventions
individualized for patients with low health literacy.

Heart failure (HF) is a public health burden.12 In the United States, there are an estimated
5.7 million people living with HF, with total annual medical costs of $31 billion.1:34 These
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numbers are expected to grow to more than 8 million people and $70 billion in cost by
2030.4 Although diagnosis and treatment have improved, mortality has not changed,?> and
hospitalizations are still common, most often due to comorbidities.5~ Because the
management of HF is complex and requires multiple skills, to prevent poor outcomes, it is
crucial for patients to be engaged in good self-care.10:11

Health literacy is described by the Institute of Medicine 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.”12 Patients with limited health literacy have
insufficient drug adherence and inadequate self-care behavior.13.14 Thus, these patients may
use more health care services such as hospital or emergency department visits!® and, as a
consequence, incur higher medical costs.16 In HF, associations between poor health literacy
and mortality,1718 hospitalization,1920 and recurrence of HF2! have been reported.
However, these results were generated in smaller convenience samples, chiefly of
hospitalized patients, relying on composite end points (death and hospitalizations
combined). Hence, to our knowledge, health literacy remains to be studied in a large
population-based community, a design essential to comprehensively capture outcomes and
afford separate analyses for death and hospitalizations, which have vastly different clinical
implications.

To address this gap in knowledge, we investigated the association between health literacy
and death and hospitalizations in a large population-based study of patients with HF in
southeast Minnesota.

METHODS

Study Setting and Design

This study was conducted in 11 counties in southeast Minnesota: Dodge, Fillmore, Free-
born, Goodhue, Houston, Mower, Olmsted, Rice, Steele, Wabasha, and Winona
(approximate population of 491,684 according to the 2010 US Census), incorporating data
from Mayo Clinic, Mayo Clinic Health System, and Olmsted Medical Center and their
affiliated clinics. This study used the medical records linkage system of the Rochester
Epidemiology Project (REP), which allows retrieval of health care utilization and outcomes
of the residents in this region.22-24 The study was approved by the Mayo Clinic and Olmsted
Medical Center institutional review boards.

Case Ildentification

Using the resources of the REP, residents 18 years or older from the 11-county area in
southeast Minnesota with a first-ever /nternational Classification of Diseases, Ninth
Revision code 428 or Tenth Revision code 150 for HF from January 1, 2013, through
December 31, 2015, were identified. These patients were asked to complete a survey to
measure health literacy and other sociobehavioral measures. A mixed-mode design was used
to improve the response rate. Patients were mailed a survey packet containing the survey, an
introductory letter, and a Health Insurance Portability and Accountability Act of 1996 form.
Patients who did not want to complete the survey through the mail were given the
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opportunity to complete the survey over the telephone by requesting a telephone call. The
survey packet was resent to nonresponders approximately 1 month after the first mailing. A
telephone interview was attempted approximately 1 month after the second mailing for the
remaining nonresponders.

Health Literacy

Health literacy was measured using 3 established screening questions: (1) How confident are
you filling out forms by yourself? (2) How often do you have someone (such as a family
member, friend, hospital/clinic worker, or caregiver) help you read hospital materials? (3)
How often do you have problems learning about your medical condition because of
difficulty reading hospital materials?2%:26 Each question is scored on a 5-point scale. The
sum of the 3 question scores can range from 3 to 15 points, with a lower score indicating
lower health literacy. These 3 questions have been validated against longer and more
comprehensive measures of health literacy.26-28 The Cronbach a., a measure of internal
consistency reliability, for the 3 questions was 0.80 in this study, which supports scoring and
reporting them as a single measure. Patients were categorized as having low health literacy if
they scored less than 8 and adequate health literacy if they scored 8 or greater.

Other Patient Characteristics

Outcomes

Educational level and marital status were obtained from the patient survey. The
comorbidities included in the Charlson Comorbidity Index were retrieved using the
electronic REP record linkage system, and the score was calculated for each participant.2%:30

Participants were followed for death and hospitalization from enrollment through December
31, 2016 (range of follow up, 9-21 months). Death information was retrieved from the REP,
which obtains death certificate data from Minnesota. Hospitalizations were collected
through the REP, which, as described previously herein, collects information for nearly all
hospitalizations for residents in the 11 counties included in this study. In-hospital transfers
were counted as a single event.

Statistical Analyses

Participant characteristics, overall and by health literacy category, are presented as
frequencies or mean * SD. Differences between individuals with low vs adequate health
literacy were compared using 2-sample #tests for continuous variables and XZ tests for
categorical variables. Mortality was assessed using the Kaplan-Meier method according to
health literacy categories and compared with the log-rank test. Cox proportional hazards
regression was used to estimate the associations of health literacy with death in unadjusted,
age- and sex-adjusted, and fully adjusted models that also included the Charlson
Comorbidity Index, education, and marital status.

The cumulative mean numbers of hospitalizations during follow-up by health literacy
category were plotted using a nonparametric estimator described by Nelson.31 Andersen-Gill
modeling, which allows for modeling of multiple outcome events, was used to examine
associations between health literacy categories and hospitalizations in unadjusted, age- and

Mayo Clin Proc. Author manuscript; available in PMC 2019 January 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Fabbri et al.

RESULTS

Page 4

sex-adjusted, and fully adjusted models that also included the Charlson Comorbidity Index,
education, and marital status. In ancillary analyses, health literacy was categorized into
tertiles to examine a dose-response relationship between health literacy and outcomes.

The proportional hazards assumption was tested using scaled Schoenfeld residuals and
found to be valid. A P<.05 was used as the level of statistical significance. Statistical
analyses were performed using SAS software, version 9.4 (SAS Institute Inc).

Of 5866 patients identified with HF and sent a survey, 256 died without completing the
survey, 23 were lost to follow-up, 405 were physically or mentally unable to complete the
survey, and 61 had a language barrier. Of the remaining 5121 patients, 2647 returned the
survey (response rate 52%). Patients who returned a survey were similar regarding sex to
patients who did not return a survey (P=.98). Responders were slightly older than
nonresponders (mean age, 72.5 vs 71.3 years; P=.002) and had a slightly higher Charlson
Comorbidity Index (mean index, 2.02 vs 1.88; P=.03). Patients who completed the health
literacy screener were retained for the analysis (n=2487; mean age, 73.5 years; 53.6% male
[n=1333]). The median time from HF diagnosis to completion of the survey was 365 days
(25th—75th percentile, 298-470 days). Approximately 10.5% of patients (n=261) had low
health literacy (range among the 11 counties, 6.9%-17.1%). These patients were, on
average, older, less likely to be married, and had lower educational attainment than those
with adequate health literacy (Table 1). Patients with low health literacy had a higher
Charlson Comorbidity Index and specifically had a higher proportion of peripheral vascular
and cerebrovascular disease, renal disease, and diabetes. Moreover, patients with inadequate
health literacy were more likely to complete the survey via telephone.

After mean + SD follow-up of 15.5+7.2 months, 250 deaths occurred. Poor health literacy
was associated with an increased risk of death (Figure A). Patients with low health literacy
had more than a 2-fold increased risk of death compared with those with adequate literacy
(hazard ratio [HR]=2.30; 95% ClI, 1.69-3.15; £<.001) (Table 2). Adjustment for age, sex,
education, marital status, and comorbidity slightly attenuated this association (HR=1.91,
95% Cl, 1.38-2.65; A<.001). Further adjustment for mode of survey completion did not
materially change the results.

A total of 1584 hospitalizations occurred during follow-up. Poor health literacy was
associated with a higher mean cumulative number of hospitalizations (Figure B). Patients
with inadequate health literacy had almost a 50% increased risk of hospitalizations
compared with those with adequate health literacy (HR=1.48; 95% ClI, 1.17-1.86; A=.001)
(Table 2). After adjustment for age, sex, education, marital status, and comorbidity, the
association was attenuated but remained strong and significant (HR=1.30; 95% ClI, 1.02-
1.66; P=.03). Additional adjustment for mode of survey completion did not change the
strength of the association.

In ancillary analyses, we categorized the health literacy score into tertiles: high, 14 to 15
points; intermediate, 11 to 13 points; and low, 10 points or less. Patients in the intermediate
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tertile did not have an increased risk of death (HR=1.09; 95% CI, 0.78-1.53) after
adjustment for age, sex, education, marital status, and comorbidity compared with patients
in the high tertile, whereas patients in the low tertile had a nearly 2-fold increased risk of
death (HR=1.87; 95% CI, 1.34-2.62; Pieng<.-001). Furthermore, patients in the intermediate
and low tertiles had a nearly 20% and 30% increased risk of hospitalization, respectively,
compared with the high tertile after adjustment for age, sex, education, marital status, and
comorbidity (intermediate tertile: HR=1.17; 95% CI, 0.96-1.43; and low tertile: HR=1.32;
95% Cl, 1.05-1.65; Pyeng=-02).

DISCUSSION

In a large population-based cohort study, we found that patients with poor health literacy had
nearly a 2-fold increased risk of mortality and a 30% increased risk of hospitalization
compared with patients with adequate health literacy.

Measuring Health Literacy

We evaluated health literacy using an established 3-question brief screener.25:26 Compared
with alternative methods used in previous studies for health literacy evaluation, such as the
Short Test of Functional Health Literacy in Adults (S-TOFHLA),1920 the brief screener is
less time-consuming and easier to implement in clinical practice.1’ Whereas the S-TOFHLA
is an objective evaluation that requires an interviewer, the brief screener is a subjective
measure that can be self-administered.

Health Literacy in HF

In the present cohort, the prevalence of low health literacy was 10.5% (n=261), which is
lower than that in other studies using the same questionnaire,15:17.18 with reported
prevalences of low health literacy of 17.5%17 to 33.7%1° in patients with HF. However,
these studies pertained to hospitalized patients1>-17.18 and, thus, are not directly comparable
with the present community study whereby patients with HF were surveyed in the outpatient
setting. Moreover, in the present study, the prevalence of low health literacy was quite
heterogeneous among the different counties, ranging from 6.9% to 17.1%. Olmsted County,
which has a high level of health literacy, is the county that contributes most of the patients
with HF, thereby driving the average prevalence.

Herein, a low level of health literacy was associated with a large increase in the risk of death
and hospitalizations independently of age, sex, education, marital status, and comorbidities,
demonstrating that the 3-question brief screener has strong prognostic value. These results
extend and augment previous reports that evaluated the association between poor health
literacy and mortality, but the present finding is in contrast with previous reports in that they
did not detect an association with hospitalizations.1”:18 This is important because the present
results highlight the impact that low health literacy has on 1 key indicator of health care
utilization. The present data, in turn, underscore the need to assess health literacy in clinical
practice and use the results to individualize interventions.

We chose to categorize literacy scores less than 8 as having low health literacy, which is
mathematically equivalent to a cutoff score of 10 points in a reversed score,17 but, as shown
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by other authors,8 health literacy is not a dichotomous construct. By categorizing the scores
into tertiles and examining the association with all-cause death and hospitalization, we
identified a dose-response relationship between health literacy and risk of hospitalization,
with the risk increasing as health literacy decreases. These findings are important because
the dose-response relationship supports causality, and any suboptimal level of literacy will
lead to an increase in adverse outcomes.

The mechanisms whereby low health literacy leads to poor outcomes are only partially
understood and likely involve access and health care utilization, the interaction between
provider and patient, and self-care.32 In particular, patients with adequate health literacy,
which is associated with better knowledge of disease,33 are more likely to engage in more
effective interaction with physicians. Furthermore, health literacy is influenced by
socioeconomic and demographic factors and by education and mental abilities.32 All these
factors could lead patients with limited health literacy to have worse self-care behavior,14:34
which is critical in the long-term management of HF. Self-care for HF is complex and
requires not only a high level of medication adherence but also weight monitoring, a
sodium-controlled diet, and regular exercise and, for many patients, weight loss. Moreover,
inadequate medication adherence in patients with limited health literacy! seems to play an
important role in their higher risk of HF reoccurrence.?! Last, owing to the lower knowledge
of their disease,3%36 they are less likely to recognize signs and symptoms of exacerbation,32
making hospitalization and death more likely.

Clinical Implications

The brief screener is a simple, efficient, and reliable tool to evaluate health literacy. This
screener could be implemented in clinical practice to identify patients at higher risk for poor
outcomes and to design interventions to support their individual informational and self-care
needs. Because screening for low health literacy can be stigmatizing, it should be done only
if effective interventions are readily available to address the needs of the vulnerable
populations of patients identified through the screening.32 Some interventions focusing on
patients with low health literacy can improve knowledge of HF, health behaviors,3” and
outcomes.38-41 Indeed, developing or strengthening specific skills required for effective self-
management, such as how to use diuretics and monitor body weight daily,*2 may increase
health literacy and improve outcomes. Screening for low health literacy can help to ensure
that the resources required for successful interventions are dedicated to those most in need.

Limitations and Strengths

As in any survey study, we could have incurred nonresponder bias; specifically, those with
lower health literacy could have been less likely to respond, although we demonstrated that
responders differ slightly only in age and comorbidity index and are similar to non-
responders regarding sex. Considering the high response rate (52%) and the nonresponder
analysis, we believe that our cohort is representative of the HF population in southeast
Minnesota. Finally, to achieve a higher response rate, we used a mixed mode (mail and
telephone) to collect data on those who prefer to complete the survey by telephone. The
present study was conducted in a population of mostly non-Hispanic white race/ethnicity
with higher-than-average education. Thus, it needs replication in other populations. Finally,
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as in any observational study, we cannot rule out the effect of residual confounding due to
unmeasured variables.

The present study has several distinct strengths. This is a population-based cohort study that
used the REP.22-24 This allowed us to achieve a comprehensive ascertainment of
comorbidities, death, and hospitalizations in a large area of southeastern Minnesota.
Furthermore, we prospectively surveyed patients using a validated and reliable method to
screen health literacy.26

CONCLUSION

In this population-based study of 11 counties in southeast Minnesota, we demonstrated that
low health literacy is associated with higher mortality and hospitalization rates. Further
studies should be conducted to evaluate how to address this risk factor and improve
morbidity and mortality in patients with HF.
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FIGURE.
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Baseline Characteristics

TABLE 1

Page 11

Adequate health literacy Low health literacy (n=

Characteristic Total cohort (N=2487) (n=2226) 261) P value
Age (y), mean = SD 73.5(12.5) 73.3£12.3 75.0£14.6 .04
Male sex (No. [%]) 1333 (53.6) 1193 (53.6) 140 (53.6) .99
Education (No. [%])? <.001

Non-high school graduate 289 (11.8) 210 (9.6) 79 (30.3)

High school graduate 872 (35.5) 757 (34.5) 115 (44.1)

Some college/college degree 1017 (41.4) 957 (43.6) 60 (23.0)

Graduate school 277 (11.3) 270 (12.3) 7(2.7)
Married (No. [%])b 1455 (58.9) 1333 (60.4) 122 (46.7) <.001
Survey completed by mail (No. [%]) 1549 (62.3) 1435 (64.5) 114 (43.7) <.001
Charlson Comorbidity Index (No. [%]) <.001

0 213 (8.6) 201 (9.0) 12 (4.6)

1-2 978 (39.3) 894 (40.2) 84 (32.2)

>3 1296 (52.1) 1131 (50.8) 165 (63.2)
Myocardial infarction (No. [%]) 406 (16.3) 361 (16.2) 45 (17.2) .67
Peripheral vascular disease (No. [%]) 896 (36.0) 780 (35.0) 116 (44.4) .003
Cerebrovascular disease (No. [%]) 357 (14.4) 302 (13.6) 55 (21.1) .001
Chronic pulmonary disease (No. [%]) 788 (31.7) 694 (31.2) 94 (36.0) A1
Moderate/severe renal disease (No. [%]) 580 (23.3) 499 (22.4) 81 (31.3) .002
Diabetes (No. [%]) 846 (34.0) 723 (32.5) 123 (47.1) <.001
Cancer (No. [%]) 399 (16.0) 364 (16.4) 35(13.4) .22

a . . .
Education status missing for 32 patients.

b . . .
Marital status missing for 19 patients.
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TABLE 2

Death and Hospitalizations for Low vs Adequate Health Literacy

Page 12

Hazard ratios (95% Cls)

Low health literacy (n=261)

P value

Factor Adequate health literacy (n=2226)
All-cause death (250 events)

Unadjusted model 1.00

Age and sex adjusted 1.00

Fully adjusted? 1.00

2.30 (1.69-3.15)
2.09 (1.53-2.87)
1.91 (1.38-2.65)

<.001
<.001
<.001

All-cause hospitalizations (1584 events)

Unadjusted model 1.00
Age and sex adjusted 1.00
Fully adjusted? 1.00

1.48 (1.17-1.88)
1.48 (1.17-1.88)
1.30 (1.02-1.66)

.001
.001
.03

a, . . . -
Adjusted for age, sex, education, marital status, and Charlson Comorbidity Index.
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