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Abstract
Objective—To examine the mechanisms linking health literacy to physical activity and self-
reported health.

Methods—From 2005–2007, patients (N=330) with hypertension were recruited from safety net
clinics. Path analytic models tested the pathways linking health literacy to physical activity and
self-reported health.

Results—There were significant paths from health literacy to knowledge (r=0.22, P<0.001),
knowledge to self-efficacy (r=0.13, P<0.01), self-efficacy to physical activity (r=0.17, P<0.01),
and physical activity to health status (r=0.17, P<0.01).

Conclusions—Health education interventions should be literacy sensitive and aim to enhance
patient health knowledge and self-efficacy to promote self-care behavior and desirable health
outcomes.
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Introduction
The association between limited health literacy and poor health has been supported across
acute and chronic disease contexts.1–3 Patients’ health literacy skills may be the first step in
a chain of factors impacting health.4,5 Although an accumulation of literature on the issue
has emerged in the last 2 decades, the mechanisms by which health literacy impacts health
are still unclear.5,6
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Conceptual Causal Model Linking Health Literacy to Health
Paasche-Orlow and Wolf propose plausible causal pathways to explain the well-established
association between health literacy and health.5 They describe systematic, interactional, and
self-care mechanisms by which limited health literacy is most likely to lead to worse health
outcomes.5 Drawing from the literature, they argue that social (eg, income, social support,
culture, language), cognitive/physical (eg, memory, hearing, vision), and demographic (race/
ethnicity, education, and age) factors determine health literacy skills. They then illustrate
how limited health literacy might impact health outcomes at 3 distinct points along a
continuum of health care, focusing on (1) access and use of health care,1,3,7 (2) provider-
patient interactions,8 and (3) patient self-care.5 At each respective point, Paasche-Orlow and
Wolf explore system factors (complexity, acute care orientation, tiered delivery model),
provider factors (communication skills, teaching ability, time, patient-centered care), and
extrinsic factors (support technologies, mass media, health education, resources) that could
modify and/or mediate the relationship between patient health literacy and outcomes.5

Patient factors are also affected at each point along the continuum of health care.5 At the
point of access and use of health care, limited health literacy could influence a patient’s
navigation skills, self-efficacy, and/or perceived barriers to care.9 During provider-patient
interactions, limited health literacy could infringe upon a patient’s knowledge, beliefs, and/
or level of participation in clinical decision making.8 Limited health literacy could also
negatively influence a patient’s motivation,10 problem-solving ability,11 self-efficacy,12
and/or knowledge4,12,13 required to accurately perform self-care behaviors. Paasche-Orlow
and Wolf suggest that these aforementioned relationships operate in conjunction with
system-, provider-, and extrinsic-level factors noted above and that these relationships exist
within the causal pathway linking health literacy to outcomes.5

Health Literacy and Hypertension
Across chronic disease contexts, limited health literacy has been consistently related to
determinants of self-care behavior (eg, knowledge and self-efficacy noted above),4,12,13
poor performance of self-care behavior (or the lack thereof),14 and worse health outcomes.3
In hypertension, limited health literacy has been associated with poor disease-related
knowledge,4,15,16 poor medication-refill adherence,17 discrepancies in patient self-
reported medication use with his or her medical record (ie, unreconciled medications),18
and worse blood pressure control.15 Limited health literacy has also been associated with an
increased risk of hypertension, lower levels of physical function and activity, and worse
subjective health status.19

Hypertension, Self-care, and Health Status
Leading health organizations endorse regular physical activity to prevent and treat
hypertension and its complications.20 Regular physical activity has been shown to lower
blood pressure,21 enhance endothelial vasodilator function,22 and prevent the development
of left ventricular mass among individuals with hypertension.23 Synthesizing the research
noted above and consistent with Paasche-Orlow and Wolf model, limited health literacy may
affect both objective and subjective indicators of health status via compromised physical
function and physical activity.19 Although Paasche-Orlow and Wolf do not explicitly
discuss “behaviors” in their model, they do focus on “determinants of self-care,” which by
nature highlights the importance of “self-care behaviors” in the causal chain. Determinants
of physical activity in the hypertension literature are also consistent with the Paasche-Orlow
and Wolf model. Specifically, motivation and self-efficacy have explained 44% of the
variance in physical activity;24 and hypertension treatment knowledge has also shown
predictive value.25
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Empirical Validation of the Causal Pathways
The Paasche-Orlow and Wolf framework highlights both promising areas for intervention
research and important gaps in our current understanding of the pathways linking health
literacy to health outcomes. Their theoretical paper is one step in what needs to be an
iterative process of model specification and clarification. Analytic approaches that test,
validate, and/or refine the framework are needed to inform professional responses to the
widespread problem of limited health literacy.26 For example, empirical support for the
proposed relationships between health literacy, determinants of self-care, self-care behavior,
and health outcomes would undoubtedly inform the design and content and improve the
efficacy of patient-level interventions to address health literacy.

In this study, we sought to validate one third of the Paasche-Orlow and Wolf model. We
focused solely on patient self-care pathways using data from adults with hypertension who
were receiving care at safety net clinics in diverse areas of the United States. These data
include variables on patient demographics, health literacy, disease-related knowledge, self-
efficacy, and health status. Using a path analytic approach, we were able to test the
following hypothesized paths in the Paasche-Orlow and Wolf model:

1. Patient demographic characteristics (race/ethnicity, education, and age) predict
health literacy.

2. Health literacy predicts patient-level determinants of self-care (knowledge and self-
efficacy).

3. Patient-level determinants of self-care predict self-care behavior (physical activity).

4. Self-care behavior predicts health status (subjective health).

In this way, the association between health literacy and health is hypothesized to be
accounted for by a sequence of intervening variables (knowledge, self-efficacy, and self-care
behavior).

METHODS
Setting and Participants

We recruited consecutive patients with diagnosed hypertension at scheduled appointments
from 6 primary care safety net clinics in Grand Rapids, Michigan; Chicago, Illinois; and
Shreveport, Louisiana. Clinics in Grand Rapids (n=2) and Chicago (n=2) were affiliated
with federally qualified health centers. One clinic in Shreveport was a community health
center; and the other, an ambulatory care clinic of a public hospital. The institutional review
boards at each location approved the study procedures. Eligible participants were at least 18
years old, had a diagnosis of hypertension in their medical record, and had a clinic
appointment between July 2006 and August 2007. Patients were ineligible if they did not
speak English or if the clinic nurse determined (by interaction or chart documentation) they
were too ill or cognitively impaired to participate. Nurses identified 377 potentially eligible
patients scheduled for clinic appointments and referred them to study staff. Informed
consent was obtained on 334 scheduled interviews. Four of these patients did not complete
the interview (N=330). A response rate was determined following the American Association
for Public Opinion Research (AAPOR) standards, estimating 87.5% of approached eligible
patients participated in the study.27

Data Collection
Study personnel conducted in-person interviews in the clinics. Information on demographic
characteristics, such as education (1= grades 1–8, 2=grades 9–11, 3=high school, 4=>high
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school), race/ethnicity (0=white, 1=African American), and age (continuous) were collected.
Additional measures included health literacy, disease management knowledge, self-efficacy,
physical activity, and subjective health.

Health Literacy
Patients’ health literacy was assessed using the short version of the Test of Functional
Health Literacy in Adults (S-TOFHLA). The S-TOFHLA has 2 parts. One part is a reading
comprehension assessment that involves passages of text about medical topics from which
every fifth to seventh word is omitted. Patients must select a suitable word to insert in the
missing place from 4 multiple-choice options. The second part assesses numeracy by
presenting patients with questions to determine their ability to use and interpret numbers
when reading hospital forms and labeled prescription vials. Scores on the S-TOFHLA range
from 0 to 100 and can be categorized as follows: inadequate (0–53 correct answers),
marginal (54–66), and adequate health literacy (67–100). The S-TOFHLA has demonstrated
good internal consistency, reliability, and validity as a categorized and continuous measure
of health literacy (α = 0.98).3,28–30 We relied on the continuous score to increase the
predictive power in our path analytic models.

Knowledge
Hypertension knowledge was assessed by asking patients a series of questions about the
characteristics and symptoms of high blood pressure. Fourteen multiple-choice items made
up the scale, and a total score was taken from all questions. Patients were asked about a
normal blood pressure reading, lifestyle activities that change blood pressure readings,
symptoms of high blood pressure, and complications. The scale was developed for use in the
Prudential Health Literacy Survey4 and was derived from a reliable and valid measure of
hypertension knowledge (α = 0.70).16

Self-efficacy
Self-efficacy to manage high blood pressure was assessed by asking patients how confident
they were in (1) doing all the things necessary to manage their blood pressure; (2) judging
when changes in their blood pressure mean they should visit a doctor; (3) doing different
activities and tasks to manage their blood pressure so as to reduce the need to see a doctor;
(4) reducing the emotional distress caused by their blood pressure; and (5) doing things,
other than just taking medication, to reduce how much their blood pressure affects their
everyday life. Response options were in Likert format ranging from 1 = not at all confident
to 10 = totally confident. In the current study, internal consistency reliability for this
measure was α = 0.76.

Self-care Behavior (Physical Activity)
Physical activity frequency was measured with a single-item taken from a 2-item scale that
measures both the frequency and duration of physical activity over the past 4 weeks.31
Response options were 1 = never, 2 = only once or twice, 3 = at least once a week, 4 = 3 to 4
times each week, and 5 = every day.

Health Status
Subjective health was assessed with a widely used general self-rated health question that
asks respondents to report how they thought their health was in general.32 Response options
were in Likert format ranging from 1 = Poor to 5 = Excellent. This single question has
demonstrated strong predictive validity with self-care behaviors,33 objective indicators of
health,33 and mortality.34 Relevant to our study is prior work showing that a single item of
self-rated health is sensitive to changes in physical activity.35,36
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Data Analyses
Patients were categorized as having inadequate health literacy (scores 0–53) or having
marginal/adequate health literacy (scores 54–100) and compared using independent samples
t-tests for continuous variables and chi-square tests for categorical variables. Structural
equation models (SEM) specifying the relationships among variables were estimated using
AMOS, version 17. Advantages of this procedure include the generality and flexibility of
model specification and the ability to assess fit of the hypothesized model to the observed
data. Model fit was examined with the comparative fit index (CFI) and root mean error of
approximation (RMSEA).37 CFI values exceeding 0.90 and RMSEA values below 0.08
indicate adequate model fit.37 Hypotheses regarding the specific structural relations of the
constructs in the model were also evaluated through inspection of the direction and
magnitude of the path coefficients.

Two path analytic models were estimated with a correlation matrix generated by 330 cases,
a sample size considered to be of adequate power to detect large effects.38,39 Demographic
information (education, race, and age), health literacy, knowledge, self-efficacy, self-care,
and subjective health variables were used to estimate one third of the Paasche-Orlow and
Wolf framework (ie, patient factors within the self-care domain). Model 1 (the full model)
tested whether demographic factors predicted health literacy; whether health literacy
predicted determinants of self-care (knowledge and self-efficacy); whether determinants of
self-care predicted self-care behavior (physical activity); and whether self-care behavior
predicted health status (subjective health). Although we were interested in only these
pathways, all potential paths between variables were included to test both those
hypothesized to be significant and those hypothesized to be nonsignificant. Model 2 (the
trimmed model) omitted all nonsignificant paths from Model 1. Chi-square difference tests
were performed between models 1 and 2 to identify the most parsimonious and final model.

RESULTS
Table 1 provides both an overall statistical description of the study population and stratifies
the sample by inadequate and marginal/adequate health literacy level. The mean age of
patients was 53.6 years (SD=12.0); 67.9% were female, and 78.5% were African American.
A third of subjects were recruited from each of the study sites: 30.6% from Chicago, 36.1%
from Grand Rapids, and 33.3% from Shreveport. The majority of participants (65.8%) were
unemployed, and 43.9% did not have any health insurance coverage. Subjects reported
having hypertension for an average of 11 years (SD=10.0), and 47.6% had chart-confirmed
controlled blood pressure.

Thirteen percent of patients reported having left school prior to the ninth grade, and another
26.2% had not completed high school. Approximately one third (31.4%) of the sample were
high school graduates; fewer years of schooling was significantly associated with inadequate
health literacy skills, as well as older age, current unemployment, and greater number of
years living with hypertension (Table 1). One third (30.3%) of patients were classified as
having inadequate health literacy skills, and another 8.2% had marginal health literacy.
Inadequate health literacy was also associated with older age, current unemployment/
retirement status, and a greater number of years living with hypertension. Means and
standard deviations for the knowledge, self-efficacy, physical activity, and subjective health
variables are presented in Table 1.

Model 1 demonstrated excellent data fit, χ2(3 N=330) = 5.42, P=0.14, CFI=0.99,
RMSEA=0.05 (90% CI: 0.00–0.11). There were significant, direct paths from education,
race, and age to health literacy (ie, fewer years of education, African American race, and
older age were independently associated with lower health literacy scores). Additional
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significant path included health literacy to knowledge (ie, higher health literacy scores were
associated with more knowledge); self-efficacy to self-care behavior (ie, greater self-
efficacy was associated with more physical activity); and self-care behavior to health status
(ie, more physical activity was associated with more favorable subjective health ratings). In
addition, race was directly related to self-efficacy (ie, African American race was associated
with greater self-efficacy); and self-efficacy was directly related to health status (ie, greater
self-efficacy was associated with more favorable subjective health ratings). All remaining
paths were not significant, including paths from demographic factors to knowledge, self-
efficacy, self-care behavior, or health status; health literacy to self-efficacy, self-care
behavior, or health status; and knowledge to self-care behavior or health status.

Model 2 estimated a trimmed version of Model 1, retaining all significant paths and omitting
all nonsignificant paths in Model 1. The trimmed model with structural parameters and tests
of significance of individual paths appears in Figure 1. Model 2 demonstrated excellent data
fit, χ2(16, N=330)=16.75, P=0.40, CFI=1.00, RMSEA=0.01 (90% CI: 0.00–0.05). All
significant paths in Model 1 remained significant in Model 2 except for the path from race to
self-efficacy (ie, African American race was no longer directly related to self-efficacy).
Examination of the squared multiple correlation coefficients in the model showed that the
demographic factors explained 34% of the variability in health literacy score, a percentage
considered to be a moderate effect for multiple predictor models.40 Health literacy
explained 5% of the variability in knowledge; knowledge explained 3% of the variability in
self-efficacy; self-efficacy explained 3% of the variability in self-care behavior (physical
activity); and self-efficacy and self-care behavior explained 4% of the variability in health
status (subjective health). These are all small effects. A chi-square difference test was
performed against Model 1, χ2(13, N=330)=11.33, ns. The difference was nonsignificant
permitting the retention of the trimmed version as the more parsimonious and final model.

DISCUSSION
Conceptual frameworks propose explicit linkages between known determinants of health,
with the ultimate goal of locating strategic entry points for intervention. Rooted in prior
research, these frameworks require empirical validation prior to their use in developing
practical strategies for responding to relevant health problems. We performed a cross-
sectional path analysis on data collected from patients with hypertension at federally
qualified health centers in 3 states to evaluate predicted pathways linking health literacy to
health outcomes. Consistent with the Paasche-Orlow and Wolf framework5 and hypothesis
1, demographic factors (education, race, and age) were directly related to health literacy,
were unrelated to all other variables, and explained one third of the variability in the health
literacy score. Consistent with the framework and hypotheses 2–4, health literacy was
directly related to knowledge,4 self-efficacy was directly related to self-care behavior
(physical activity),41,42 and self-care behavior was directly related to health status
(subjective health).

Studies in the health literacy, hypertension, and health behavior change literatures support
the aforementioned findings. Demographic characteristics, specifically education, race, and
age, have been related to health literacy across chronic disease contexts, including
hypertension.43 Prior research has also supported an independent, direct link between health
literacy and hypertension knowledge, with limited health literacy being consistently
associated with poor knowledge.4,15,16 Other hypertension studies have supported an
independent, direct link between self-efficacy and physical activity,24,42 as well as an
association between physical activity and subjective health.24 Here, we explored the role of
health literacy and knowledge, which had not been a focus of these latter studies. Although
our findings are consistent with prior research, they uniquely extend what is known about
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the relationship between health literacy and health outcomes. Evidence in support of
intervening upon a sequence of modifiable factors in health promotion programs is a
significant contribution to both the health literacy and health behavior change literatures
and, to our knowledge, has not been done to date.

Inconsistent with the Paasche-Orlow and Wolf framework5 and hypothesis 2 were
nonsignificant paths from health literacy to self-efficacy,44 self-efficacy to health status, and
knowledge to self-care behavior. Instead, we found that knowledge was the only significant
predictor of self-efficacy, allowing health literacy to be indirectly related to self-efficacy
through knowledge. Some studies have shown health literacy predicting self-efficacy,14
whereas others have found no association.44 We propose that health literacy may affect self-
efficacy through knowledge, but more research is needed to support this. In our study, self-
efficacy was an independent, direct predictor of health status. Studies in other chronic
disease contexts have shown strong associations between self-efficacy and self-rated health.
45–48 However, less is known about this relationship in the context of hypertension. Lastly,
knowledge was unrelated to self-care behavior in our study. This finding is both consistent
with behavior change frameworks49 and prior studies showing knowledge to be poorly
correlated with behavior, specifically physical activity.50,51

Our findings ruled out several alternative relationships between variables. As illustrated in
the Paasche-Orlow and Wolf framework, the impact of demographic factors (education,
race, age) on hypertension knowledge, self-efficacy, self-care behavior, and health status
was entirely explained by health literacy. This is consistent with research showing that
health literacy explains demographic differences in self-care behavior and health outcomes.
52,53 In our study, health literacy had no direct relationship with health status. Although this
finding is consistent with the Paasche-Orlow and Wolf framework, it is inconsistent with
studies in health literacy.43,54 One study in particular found a direct link between health
literacy and health status that was not mediated by intermediate factors, such as disease
knowledge and health behavior.54 Because these findings were based on an elderly sample,
additional research is needed to rule out cognitive decline as an alternative explanation.
Lastly, we found that knowledge had no direct relationship with health status, which has
been both theoretically argued49 and empirically supported in other work.54

Several limitations are inherent in this study. First, the data were based on self-reported
information, introducing the possibility of deliberate or unconscious misinformation.55
Furthermore, the measures of self-care behavior and health status were both single-item
measures, which have been criticized for introducing bias and not being comprehensive in
measurement.56,57 However, the single-item measures used in this study had been
previously used and validated in other research.31,32 The health status item in particular has
demonstrated strong predictive validity with self-care behaviors,33 objective indicators of
health,33,58 and mortality;34,59 has been used as a dependent variable in path analytic
models;54,60 and does not violate SEM assumptions for endogenous variables.38

Second, although our findings propose causal relationships between variables, the cross-
sectional nature of the data precludes causal conclusions and can most appropriately speak
to associations between constructs observed at a single point in time. Consequently, we have
relied on theory and literature to direct our conclusions. Future prospective research is
needed to investigate the longitudinal effects of these constructs on changes in health
behaviors and health outcomes.

Third, the current results pertain most directly to populations similar to participants in this
study. These findings should be confirmed in other populations to see if they can be
generalized. Future work guided by the model proposed in Figure 1 would provide a more
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comprehensive conceptualization of the core constructs believed to implicate hypertension
self-management.

Finally, although relations between the variables in our study were statistically significant,
the magnitude of the relationships was rather modest. Future models should include
measures of patient motivation and problem solving; additional self-care behaviors, and
objective measures of health status, which may explain more of the variability in the
sequence of intervening variables linking health literacy to health outcomes. Duration of and
control of high blood pressure are important factors that are likely to impact both health
behaviors and outcomes among patients with hypertension. In an effort to be consistent with
the Paasche-Orlow and Wolf model, duration of disease (eg, hypertension) was not
accounted for in our analyses. We also did not include blood pressure control, mainly
because it is a very dynamic outcome (ie, patients can be controlled and uncontrolled by
turns) – and being in control has a lot to do with activities of the clinicians (eg, providing the
proper type and dosage of medication and being available to follow up with patients). We
were also unable to classify patients as having prehypertension, stage 1 or stage 2
hypertension.

Despite these limitations, this study is the first to our knowledge to show an indirect
pathway from health literacy to health status via widely recognized determinants of self-care
(knowledge and self-efficacy) and actual self-care behavior (physical activity). Our findings
are just one step in what should be an iterative process of model specification and
clarification. Future studies that can both validate our findings and extend them would
provide the most useful explanation of the relationship between health literacy and health
outcomes and inform professional responses to the problem in many diverse contexts of
health care.61 In the meantime, we suggest, based on our findings, that health literacy-
sensitive interventions should aim to enhance disease-specific knowledge that, in turn, will
enhance self-efficacy, so that self-efficacy will, in turn, promote the performance of self-
care behaviors needed for desirable health outcomes. Future qualitative and quantitative
research to determine the most influential techniques to promote knowledge, self-efficacy,
and self-care behavior among patients with limited health literacy is needed.

Our findings support the role patient knowledge plays in linking health literacy to health
outcomes for patients with hypertension, highlighting the potential impact of patient
education efforts as a means of improving health outcomes. However, intervening to
improve knowledge may prove challenging. Providers do not have the time. Patients may
have other priorities and competing cultural views about hypertension. Effective
mechanisms to promote patient education regarding hypertension for patients with limited
health literacy will need to be developed and integrated into care.
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Figure 1.
Estimated Trimmed Model With Predicted Pathways From Literacy to Health Status
Note. Coefficients are standard path coefficients. For tests of individual paths, *P<0.05,
**P<0.01 and ***P<0.001. Overall model fit, χ2(16, N=330)=16.75, P=0.40, CFI=1.00,
RMSEA=0.01 (90% CI: 0.00–0.05). For tests of significance of individual paths, *P<0.05,
**P<0.01 and ***P<0.001.
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Table 1

Sociodemographic and Clinical Characteristics of Respondents Stratified by Health Literacy Level

Variable Total Health Literacy

(N=330)
Inadequate

(n=100)

Marginal/
Adequate
(n=230)

Age, Mean (SD) 53.6 (12.0) 58.4 (11.7)*** 51.5 (11.6)

Female, % 67.9 63.0 70.6

African American Race, % 78.5 85.9 79.2

Education, %

  Grades 1–8 13.1 29.3*** 6.1

  Grades 9–11 26.2 41.4*** 19.7

  High School 31.4 20.2*** 36.2

  > High School 29.3 9.1*** 38

Married, % 30.6 25.0 33.2

Insurance Coverage, %

  Private 10.0 12.0 9.1

  Medicare 18.8 19.0 18.7

  Medicaid 27.3 29.0 26.5

  None/free care 43.9 40.0 45.7

Employment, %

  Full-time 20.9 13.0* 24.3

  Part-time 13.3 12.0 13.9

  Unemployed/retired 65.8 75.0 61.7

Site, %

  Chicago, IL 30.6 26.0 32.6

  Grand Rapids, MI 36.1 38.0 35.2

  Shreveport, LA 33.3 36.0 32.2

Years living with hypertension, Mean (SD) 11.0 (10.0) 13.7 (13.1)*** 9.9 (8.5)

Knowledge Score, Mean (SD) 11.0 (2.0) 10 (2.5)*** 11.3 (2.1)

Self-Efficacy Score, Mean (SD) 37.2 (9.6) 36.3 (9.5) 37.6 (9.6)

Physical Activity Score, Mean (SD) 3.2 (1.5) 3.2 (1.6) 3.2 (1.5)

Subjective Health Score, Mean (SD) 2.6 (0.9) 2.62 (1.0) 2.6 (0.9)

Note. Chi-square and student’s t-tests for group differences,

*
P<0.05,

**
P<0.01 and

***
P<0.001.
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