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Abstract

Objectives: The aim of this study is to empirically examine a full pathway model of health literacy, and health and well-being
outcomes among patients with type 2 diabetes.

Methods: A three-wave longitudinal survey was administered to 148 patients with diabetes. Covariance structure analysis
was conducted to create a path diagram, with health literacy and burden of medical expenses included as independent
variables and with psychosocial factors, behaviors, and health and well-being outcomes included as dependent variables.
Results: The model fit indices showed a comparative fit index of 0.985 at baseline, 0.959 after 3 months, and 0.948 after
6 months, with a root mean square error of approximation of 0.040 at baseline, 0.079 after 3 months, and 0.085 after 6
months. There were 14 significant paths across the three time points between health literacy and understanding of diabetes
care, self-efficacy, communication with doctors, and medication adherence.

Conclusion: The model fitness index showed an adequate result. Health literacy was significantly positively associated with
understanding of diabetes care, self-efficacy, communication with doctors, and medication adherence. Health literacy had a
direct positive influence on medication adherence and possibly an indirect positive influence on exercise/diet via self-efficacy.
The results were generally consistent across the three time points, suggesting good reliability of the models. Improving health
literacy may lead to better self-management of diabetes and favorable health outcomes.
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Introduction

The number of people with diabetes worldwide is rapidly
increasing, and those with type 2 diabetes account for the
majority of these cases. In Japan, there are about 10 million
people either diagnosed with diabetes or strongly suspected

of having diabetes (HbAlc (National Glycohemoglobin
Standardization Program [NGSP]) > 6.5%), and the per-
centage currently receiving treatment increased from 45.0%
in 2007 to 76.6% in 2016.! Globally, US$825 billion is spent
annually on medical expenses for diabetes; in Japan, these
expenses amount to approximately US$37 billion, and Japan
ranks seventh in the world in terms of diabetes spending.?
People with type 2 diabetes are greatly influenced by life-
style and self-care behaviors such as diet and exercise, and
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Figure 1. Conceptual diagram of Fransen et al.’s'? health literacy framework.

they are susceptible to psychological problems, including
anxiety and depression.’> Depression can affect self-care
behavior and therapeutic adherence, leading to problematic
glycemic control and deteriorated quality of life (QOL).4?
Patients’ emotional burden should therefore be considered to
have a strong influence on self-management behavior and
glycemic control,%” both globally and in Japan.

It is imperative to improve disease management for
patients with type 2 diabetes and to increase efforts to pre-
vent disease progression. To this end, self-management—
including a healthy diet, exercise, and a medication
regimen—is required on a daily basis. For self-management
of chronic diseases, patients need to understand their illness
and the necessity of treatment, and they need to implement
self-management in daily life. The empowerment approach,
aimed at effective decision making, patient participation in
treatment, and clarifying the patient’s goals, values, and
motivations, has become a focus of attention.’?

Schulz and Nakamoto!? noted that, for patients to be
empowered, in addition to receiving knowledge, they need to
be able to appropriately use their knowledge and information
(i.e. health literacy). Health literacy has been defined as “the
cognitive and social skills which determine the motivation
and ability of individuals to gain access, understand and use
information in ways which promote and maintain good
health.”!" The empowerment approach focuses mainly on

enabling psychological aspects, such as motivation—the
power to independently make decisions and cause actions.
However, health literacy goes beyond this, encompassing
both the knowledge necessary to maintain and improve
health outcomes and the ability and skills to use this knowl-
edge. Psychological empowerment and improved health lit-
eracy need to be encouraged to facilitate patients’ effective
self-management.

The active involvement of patients and diverse types of
support from health care providers are also required in the
self-management of diabetes, and collaborative relationships
between these groups are needed.!'?"!3 For this purpose, good
communication between the patients and health care provid-
ers is essential. Patients who can communicate well with
their primary doctors have confidence in their own ability to
acquire the information necessary for their treatment and for
self-management, and to understand and use this information
effectively.®

Previous studies!”!® have proposed causal pathways
between health literacy and health outcomes. These have
covered topics, including access to and use of health care,
provider—patient interaction, and self-care. Based on a
review of previous studies on health literacy and diabetes
self-management, Fransen et al.!® developed a framework
for health literacy and health outcomes. This framework,
which is shown in Figure 1, suggests that health literacy is
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related to psychosocial factors (e.g. knowledge, understand-
ing, and self-efficacy), behavior (e.g. quality of patient—
provider communication and diabetes self-management,
including diet, exercise, and medication), and health out-
comes (e.g. glycemic control measured with HbAlc and dia-
betic complications).

Regarding psychosocial factors, self-efficacy has been
shown to be strongly related to diabetes-related knowledge
and self-management.20-2! Health literacy increases patients’
self-efficacy?? and knowledge about diabetes?? and thereby
improves self-management of diabetes.??

Effective self-management of diabetes also requires
considering the patient’s psychological burden. Previous
studies have examined the associations of both degree of
emotional burden®’ and depression?* with the self-manage-
ment of diabetes. In terms of the influence of health literacy
on psychological burden, no link has been found between
health literacy and the prevention of depressive symp-
toms,? but interventions to improve health literacy have
been found to improve suffering from diabetes.?¢ However,
this association remains unclear. Medical expenses such as
those for external factors and psychological effects have
also been noted,!® although their association is also some-
what unclear.

Regarding the relationship of health literacy with health
outcomes, patients with diabetes with low health literacy
may have poor control of their blood glucose level,?” a high
prevalence of diabetic retinopathy,?® and other complica-
tions.?? Many studies have treated HbAlc as a direct out-
come, but one study has reported an association between
health literacy and HbA 1¢.28-30 Other studies testing the asso-
ciation between health literacy and HbAlc have reported
that these variables are unrelated,?2:23-25:31-33 and there is still
no consensus among scholars regarding this potential asso-
ciation.” In Japan, one study found no association between
HbAlc and health literacy,’* and another study found that
HbA 1c levels were low when communicative health literacy
was high.®

Factors such as satisfaction and QOL with regard to patient
treatment and self-management may also be important for
patients with diabetes and for outcomes such as HbAlc.
Research has been conducted on aspects of QOL such as self-
efficacy and satisfaction with treatment.’¢37 However, no
work has yet clarified how diabetes treatment, self-manage-
ment, QOL, and health literacy relate to satisfaction.

The previous findings summarized above indicate that
improving health literacy may increase individual patients’
adherence to required treatments. Health literacy thus may
be a pertinent factor for changing behavior and decision
making regarding the implementation of self-management
and sound daily health habits. However, no studies have yet
verified Fransen et al.’s!® entire model. The present study
aimed to empirically examine a full pathway model of health
literacy, and health and well-being outcomes among patients

with type 2 diabetes. The examined model was based on
Fransen et al.’s!® framework and focused on psychosocial
factors, diabetes knowledge, self-efficacy, communication
with doctors, and self-management behavior.

Methods

Participants in this study were patients with type 2 diabetes
who visited the outpatient internal medicine department for
diabetes metabolism at a university-affiliated hospital in
Tokyo. The inclusion criteria were having type 2 diabetes,
being aged =20 years, and requiring periodic medication.
Exclusion criteria were not using diabetes medication, hav-
ing dementia, or being judged unsuitable by the attending
doctor. Patients who were eligible for recruitment were ran-
domly selected from the appointment logs of the study phy-
sicians. From October to November 2013, 193 potential
participants were identified. These patients were approached
in the waiting room after they had attended a consultation,
and they were given an explanation of the study purpose
and procedures. A total of 153 patients provided written
consent to participate in the study and to complete the
questionnaire.

A longitudinal study was carried out at three time points:
baseline (T1), 3 months after baseline (T2), and 6 months
after baseline (T3). The questionnaire responses were kept
confidential. Patients were asked to give their name, address,
and contact telephone number on the consent form at the
time of the first survey. The consent form was linked to the
questionnaire by an ID number. The baseline sample of 148
patients introduced by the attending doctor, excluding five
patients who were found to be ineligible because of the
exclusion criteria, provided consent before the T1 survey.
They were asked to complete a self-administered multiple-
choice questionnaire at each time point at the hospital or to
return the questionnaire by mail from January to March 2014
(T2) and from April to July 2014 (T3). The most common
reasons for refusal to participate were a lack of time and poor
physical condition on the day of the survey. The study was
conducted with the approval of the Ethical Review
Committee of the Graduate School of Medicine and Faculty
of Medicine, The University of Tokyo.

Measures

Health literacy. Health literacy was measured using the health
literacy scale developed by Ishikawa et al.3> The reliability
and validity of this scale have been confirmed.’® The scale
includes 14 items: 5 assessing functional health literacy, 5
gauging communicative health literacy, and 4 measuring
critical health literacy. All items are rated on a four-point
scale, with higher scores indicating higher health literacy
levels.
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Psychosocial factors

Understanding of diabetes care. Inoue et al.3* created a
Japanese version of the measurement tool for understand-
ing diabetes care, which was developed by Heisler et al.3®
Items on this scale are rated on a five-point scale, with higher
scores indicating higher understanding of diabetes care.

Self-efficacy. Fitzgerald et al.’* developed a measurement
tool for self-efficacy in diabetes management. Items on this
scale are rated on a five-point scale, with higher scores indi-
cating higher self-efficacy in diabetes management.

Emotional burden (Problem Areas in Diabetes scale). To
measure the emotional burden associated with diabetes, Ishii
et al.® created a Japanese version of the Problem Areas in
Diabetes (PAID) scale, which was developed by Polonsky
et al.” The reliability and validity of the Japanese version of
the PAID scale have been verified previously.® From among
the scale’s 20 items, the present study used five reliable and
valid items from the PAID-5 shortened version.*® Each of
these items is rated on a five-point scale, with higher scores
indicating a higher degree of emotional burden.

Burden of medical expenses for diabetes. The burden of
medical expenses related to the treatment of diabetes was
scored on a five-step range from “none” to “high,” with
higher scores indicating a higher burden.

Behavior

Communication with doctors. We used a scale developed by
Clayman et al.*! to assess communication with doctors and in
a clinical setting: The Ask, Understand, Remember Assess-
ment (AURA) comprises four items measuring self-efficacy
in collecting, understanding, remembering, and evaluating
medical information. We created a Japanese version of the
scale after receiving the original authors’ approval, and we
performed a reverse translation of the content for verifica-
tion. All items on the AURA are rated on a four-point scale
ranging from agree or disagree with a statement “a little” or
“a lot.” Higher scores reflect a higher sense of self-efficacy
regarding communication in a clinical setting.

Self-management

Medication adherence. Medication adherence was meas-
ured using a 12-item version of the Medication Adherence
Scale developed by Ueno et al.#> for patients with chronic
diseases. This scale comprises four subscales. The first con-
tains three items on medication compliance, the second has
three items on collaboration with health care providers, the
third has three items on willingness to access and use infor-
mation about medication, and the fourth has three items on
acceptance to take medication and how taking medication
fits patient’s lifestyle. These items are rated on a five-point
scale ranging from 1 (“never”) to 5 (“always”). Higher
scores indicate higher medication adherence.

Exercise/diet. Regarding exercise and dictary habits
related to diabetes treatment, patients were asked to what
extent they followed the instructions of their health care
providers, with response options of 1 = “I have received
no instructions,” 2 = “I have received some instructions
but am not sure what to do,” 3 = “I know what I should
do but rarely follow the instructions,” 4 = “I usually fol-
low the instructions,” and 5 = “I almost always follow the
instructions.” Higher scores indicate greater adherence to
these instructions.

Health and well-being outcomes

Diabetes Therapy-Related QOL: satisfaction with treatment
subscale. The Diabetes Therapy-Related QOL (DTR-QOL)
questionnaire, developed by Ishii,** addresses four areas
of diabetes treatment: burden on social activities and daily
activities (13 items), anxiety and dissatisfaction with treat-
ment (8 items), hypoglycemia (4 items), and satisfaction
with treatment (4 items). The present study included the
four items from the “satisfaction with treatment” subscale.
These items are rated on a seven-point Likert-type scale
(1 = “strongly agree” to 7 = “strongly disagree”). For each
item, a score of 1 represents the highest level of satisfaction
with the treatment.

Glycemic control (HbAIc). HbAlc level at the time of each
survey was extracted from the patient’s medical chart. The
test results of HbAlc were measured on the same day as the
questionnaire was administered at T1. For T2 and T3, the test
results of the dates around 3 and 6 months after baseline (T1)
were extracted from the patient’s chart, respectively.

Basic characteristics. Sex and age were identified from the
patients’ medical records. Data on highest level of education,
marital status, living with someone else, and working for
income were collected from the questionnaires.

Characteristics related to treatment of diabetes and current phys-
ical condition. Number of years since being diagnosed with
type 2 diabetes, presence of diabetes-related complications,
and type of medicine taken for diabetes were determined
from medical records, and body mass index was indicated
on the questionnaires.

Statistical analysis. All data analyses were performed using
SPSS, Version 21.0 (IBM SPSS Japan, Inc., Tokyo, Japan),
except for the covariance structure analysis, which was per-
formed using AMOS, Version 21.0 (IBM SPSS Japan, Inc.).
Covariance structure analysis is a statistical technique in
which a theoretical model, or a covariance structure, is con-
structed, and the covariance values predicted by the theoreti-
cal model are compared with those of the observed data. The
adequacy of the model in reproducing the sample covariance
values is reflected by estimates of the parameters of the
model and measures indicating the goodness of fit.*
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Results

Sample characteristics

Table 1 shows the characteristics of the 148 participants at
T1. The average age was 67.9 (range: 32—-87) years, and
roughly 67% were men and 33% were women. More than
70% were married, 83.1% were living with someone else
(i.e. immediate family, relatives, partners, or roommates,
irrespective of marital status), 48% had a high level of edu-
cation (technical college, junior college, or university gradu-
ates), and 43.9% were engaged in income-generating work.

The mean disease duration of diabetes was 12.0 (range:
<1-45) years, mean HbAlc was 7.0% (range: 5.1%—12.6%),
and 30.4% of the participants were using insulin injections.
Complications were seen in retinopathy (28.4%), nephropa-
thy (51.4%), and neuropathy (32.4%). Some participants had
multiple complications. The average body mass index was
24.4 (range: 16.0-51.4) kg/m?.

The final sample at baseline comprised 148 patients. Six
of these patients dropped out at T2 (n = 142), and another
two dropped out at T3 (n = 140). The drop-out rate was very
low (5.4%).

We performed a sample size calculation with a 5% sig-
nificance level for the test of close fit, with 0.05 as the null
value of the root mean square error of approximation
(RMSEA) and 0.08 as the alternative value of RMSEA. For
the test of not-close fit, 0.05 was the null value of RMSEA
and 0.01 was the alternative value of RMSEA.# This yielded
a minimum target sample size of 95 to 152 participants and a
power estimate 0.50 to 0.75. A total of 148 patients with dia-
betes participated in this study.

Relationships of health literacy at T with
psychosocial factors, behavior (communication
with doctors and self-management), and health
and well-being outcomes at T1, T2, and T3

Figures 2—4 show the results of the covariance structure
analysis, presented as path diagrams for T1 (n = 148), T2
(n = 142), and T3 (n = 140), respectively. Health literacy
and the burden of medical expenses were included as inde-
pendent variables, and psychosocial factors (understanding
of diabetes care, self-efficacy, and emotional burden), behav-
iors related to communication with doctors and self-manage-
ment (medication adherence, exercise/diet), and health and
well-being outcomes (satisfaction with treatment and
HbA 1c) were included as dependent variables. When adjust-
ing for educational background, age, and sex, the model fit
index decreased. We therefore refer to the results of the mod-
els where these attributes were not adjusted. The model fit-
ness indices showed x? to degrees of freedom ratios of 1.237
(T1), 1.876 (T2), and 2.011 (T3); comparative fit index val-
ues of 0.985 (T1), 0.959 (T2), and 0.948 (T3); and RMSEA
values of 0.040 (T1), 0.079 (T2), and 0.085 (T3).

Table 1. Demographic and clinical characteristics of participants
(N = 148).

Age (years) 67.9 = 11.0 (32-87)

Sex
Male 99 (66.9)
Female 49 (33.1)
HbAlc (%) 7.0 = 1.1 (5.1-12.6)

Body mass index (kg/m?)
Diabetes duration (years)
Education level

24.4 + 52 (16.0-51.4)
12.0 = 9.4 (0.2-45)

High school or lower 75 (50.6)

College or higher 71 (48.0)

Unknown 2 (1.4)
Marital status

Married 109 (73.6)

Unmarried 38 (25.7)

Unknown 1 (0.7)
Living with someone else

Yes 123 (83.1)

No (living alone) 24 (16.2)

Unknown 1 (0.7)
Work with income

Yes 65 (43.9)

No 83 (56.1)
Burden of medical expenses for diabetes

None 29 (19.6)

Rarely 58 (39.2)

Sometimes 45 (30.4)

Often 12 (8.1)

High 4(2.7)
Oral hypoglycemic agents

No 19 (12.8)

Yes 129 (87.2)
Insulin injections

No 103 (69.6)

Yes 45 (30.4)
Complications

None 48 (32.4)

Retinopathy 42 (28.4)

Nephropathy 76 (51.4)

Neuropathy 48 (32.4)

Data are presented as mean = standard deviation (range), or as n (%).

Fourteen paths were significant at the 5% level (red
arrows) at T1, T2, and T3: from health literacy to under-
standing of diabetes care, self-efficacy, communication with
doctors, and medication adherence; from burden of medical
expenses to emotional burden and HbA 1¢; from self-efficacy
to emotional burden, exercise/diet, HbAlc, and satisfaction
with treatment; from emotional burden to communication
with doctors and satisfaction with treatment; from communi-
cation with doctors to medication adherence; and from
HbA ¢ to satisfaction with treatment.

Regarding the relationships between health literacy and
psychosocial factors, a positive path that was significant at
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Red arrow: Significance level of 5%; Black arrow: Does not reach significance level of 5%.

the 5% level was found from health literacy results at T1 to
understanding of diabetes care and self-efficacy at all three
time points.

Regarding the relationship between health literacy and
behavior, there was a significant positive path from health
literacy at T1 to communication with doctors at all three time
points. In terms of the relationship between health literacy
and self-management, there was a significant positive path
between health literacy at T1 and medication adherence at all
three time points.

Discussion

The present study aimed to examine a pathway model based
on the framework proposed by Fransen et al.,'? linking health
literacy to health and well-being outcomes among patients
with type 2 diabetes. This study was the first to empirically
examine a conceptual framework linking health literacy,
psychosocial factors, communication with doctors, self-
management behavior, and health and well-being outcomes
among patients with type 2 diabetes.

The model fit index was highest at T1. Although it slightly
declined at T2 and T3 with a decrease in sample size, the
relationships among the variables in the model were gener-
ally comparable across the three time points.

In terms of the relationship between health literacy and
psychosocial factors, there were significant positive paths
from health literacy at T1 to understanding of diabetes care
and self-efficacy at all three time points. A similar positive
association between health literacy and understanding of
diabetes care has been shown in previous studies,?’ suggest-
ing that higher levels of health literacy correspond to higher
degrees of understanding.??

Regarding the relationship between health literacy and
behavior, there was a significant positive path from health
literacy at T1 to communication with doctors at all three time
points. Similar results have been reported in previous
studies,?! suggesting that health literacy is an important fac-
tor in successful communication in doctors’ examinations.
This suggests that the ability to properly collect and exchange
information such as health literacy leads to a high level of
communication ability such as the exchange of information
with doctors.?! In addition, it is thought that good relation-
ships with doctors will lead to further improvement in com-
munication, as it will also lead to patients participating
proactively in treatment and decision making.*® However,
the effect of health literacy for a particular patient depends
on the complexity of the health information provided to him
or her#’ In addition to their efforts to improve patients’
health literacy, medical personnel should also communicate
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health information in a way that is easy for their patients to
understand.

Concerning the relationship between health literacy at T1
and self-management, there was a significant positive link
between health literacy and medication adherence at all three
time points. This finding is consistent with previous studies
that have examined the association between patient health
literacy and medication adherence.*®* Health literacy is
important in improving education and communication,
which can increase patients’ understanding of medication
adherence.*® Our findings suggest that improving health lit-
eracy may increase medication adherence among patients
with diabetes. However, health literacy at T1 was not a sta-
tistically significant predictor of exercise/diet at any of the
three time points. Previous studies have also indicated that
there is no direct relationship between health literacy and
adherence to diet and/or exercise therapy,20-2223:2531 but that
there is a direct relationship between health literacy and drug
therapy. 849

We found a significant strong positive association
between burden of medical expenses and degree of emo-
tional burden at all three time points. This suggests that a
high economic burden of medical expenses for treating dia-
betes increases the degree of emotional burden among

patients with diabetes—a conclusion that can also be found
in previous studies.!”

Regarding the relation between burden of medical
expenses and the examined health outcomes, there was no
strong relation between burden of medical expenses and
medical satisfaction; however, there was a significant posi-
tive association between burden of medical expenses and
HbA ¢ at all three time points. Our findings suggest that, if
the burden of medical expenses is high, HbAlc¢ also tends to
be high. However, careful attention should be paid to the
interpretation here because high HbAlc can lead to morbid-
ity and complications and therefore to a high burden of med-
ical expenses (e.g. for treatment and medicine).

An increased level of health literacy may directly improve
medication adherence, and health literacy may indirectly
influence exercise and diet behaviors by improving self-effi-
cacy. Self-efficacy has a positive effect on self-management
for many chronic health conditions.’?>! Self-efficacy theory
states that perceived self-efficacy refers to the belief in one’s
capabilities to organize and execute the courses of actions
required to produce given attainments.>

It is argued that motivation for behavior change can be
attained by enhancing self-efficacy, so that actions such as
exercising and eating a healthy diet can be achieved.
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Furthermore, actions can be maintained by successful experi-
ences of these actions.’?>! A previous study found high self-
efficacy to be associated with high levels of self-care behavior,
such as exercise and diet, among diabetic patients.?® The
rationale for this association is that the improvement of the
sense of self-efficacy is thought to lead to the implementation
of actual exercise/dietary behavior changes. We observed a
significant positive effect of health literacy on understanding
of diabetes care, self-efficacy, communication with doctors,
and medication adherence at all three time points. Health lit-
eracy might also have had a positive influence on exercise/
diet through self-efficacy at the three time points.

The significant effects of health literacy found in this
study suggest that efforts to increase proactive behavior on
the part of patients will lead to positive self-management
behavior,?!30 including medication adherence*#° and effec-
tive exercise and dietary practices, by improving self-effi-
cacy.?’ In addition, improving communication with doctors
can increase patients’ ability to collect and exchange high-
quality information, which can, in turn, lead to patients’
greater involvement in decision making regarding their
treatment, 10:12.15.16,38,49

A limitation of this research is that the survey was con-
ducted at only one university hospital in Tokyo. Compared

with patients with diabetes who visit general hospitals and
clinics in outlying areas, there is a possibility of bias because
the participants in the present study represent more serious
cases and have higher levels of education. It would be desir-
able for future studies to consider including larger numbers
of facilities and patients. In addition, all indicators used in
the survey in this study were based on self-report, which may
have resulted in measurement error because of bias in the
response tendencies of participants. It would therefore be
desirable to conduct future studies using more objective indi-
cators. Finally, although we observed relationships between
health literacy and self-efficacy and between self-efficacy
and exercise/diet, this does not mean that health literacy has
a positive effect on exercise/diet through self-efficacy,
because there are other variables that we have not measured
that may independently affect both self-efficacy and exer-
cise/diet.

Conclusion

The present research empirically examined the pathway
model linking health literacy to health and well-being out-
comes among patients with diabetes, based on a theoretical
model proposed in a previous study. Our results suggest that
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health literacy may be indirectly related to patient health and
well-being outcomes through psychosocial factors, commu-
nication with doctors, and self-management behaviors. The
relationships among the variables in the model were gener-
ally comparable across the three time points. Further research
is needed to investigate whether the results and models of
this study can be applied to patients with other chronic dis-
eases that require self-management.

We found significant positive effects of health literacy on
understanding of diabetes care, self-efficacy, communication
with doctors, and medication adherence. In addition, health
literacy might have a positive influence on exercise/diet
through self-efficacy. Improving health literacy may lead to
better self-management and improved health and well-being
outcomes, although the impact of improvements in health
literacy may be determined by the relationship between a
patient’s health literacy level and the understandability of the
information provided.*’” Educational programs focusing on
health literacy2>3 should be considered in the future as a
means of improving health and well-being outcomes.
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