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them, 95 (15.1%) were obese and 117 (18.5%) were would-
be obese (23 < BMI < 25 kg'm™2).

To derive dietary patterns, we conducted a principal
component analysis and used the eigenvalue greater than 1.0
criterion, which is widely accepted [19]. We put 18 prin-
cipal components through this procedure that accounted for
66.5% of the total variance and assigned them to each
purchase as dietary patterns. Because 18 components were
too many for further analysis, we used 5 principal
components as main dietary patterns (eigenvalue > 1.35;
cumulative contribution, 29.2%) according to the scree plot.

Table 3

A total of 98 440 purchase data (63.0%) of 156 345 collected
corresponded to the 5 main dietary pattemns.

The main 5 dietary patterns are shown in Table 3. The
most frequent pattern (principal component 1) was labeled
as the “healthy” pattern due to the high correlation with
side dishes, miso soup, vegetables, grain, and preparation
by chilling. The second pattern was characterized by high
intakes of Japanese main dishes, eggs, grains, dressing,
preparation by simmer, and preparation by cooking; and
therefore, called raditional Japanese. The third pattern,
“Chinese,” was correlated with Chinese main dishes,

Factor loadings contributing to the 5 major dietary patterns among the AutoMealRecord system registrants identified by the principal component analysis

Principal components®

1 2

3 4 5

Healthy Traditional Japanese

Chinese Japanese noodles Pasta

Food group

Main ingredient

Cooking method

Contribution®

Japanese main dish
Western main dish
Chinese main dish
Japanese noodles
Pasta

Chinese noodles
Japanese rice
Western rice
Chinese rice
Japanese combo meal
Western combo meal
Chinese combo meal
Sandwich
Garnishing

Side dish

Miso soup

Dessert

Bento

Sauce

Beef

Pork

Chicken
Minced/processed meat
Seafood

Vegetables

Eggs

Soy products

Grains

Fruits

Simmer (niru)
Stir-fry (itameru)
Grill/roast (yaku)
Decp-fry (ageru)
Steam (musu)

Dress (aeru)

Chill (hiyasu)

Boil (yuderu)

Cook (taku especially rice)

Marinade (hitasu)

-0.222 0.438

0414 -
0.366 - .

= 0213
0.269 -

- 0.437

9.7% 1.1%

- —0317 P
0441 - X
- 0200 -0.270

0210 - =

0257 - . -
0316 - -

0.589 - -
-0.254 - 0308

- 0.358 =
- 0410 =

4.6% 42% 3.6%

Values are factor loadings (>.200) contributing to the 5 dietary patterns. We analyzed the dietary patterns based on 39 classification codes (Table 1) using the
principal component analysis, and the 5 most frequent princial components are shown (eigenvatue > 1.35; cumulative contribution, 29.2%).
* Principal components are labeled according to the factor loadings.

® Contribution shows to what extent the principal component accounts for the variance.
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Table 5
Comparison of BMI prediction models by AIC, BIC, and cross validation
Age n® ‘Measured R AlIC® BIC Cross validation®
BMI 2 23 (%)®
Whole - - 634 334 0.219 1249.6 1294.1 0.688
Subgroups Male 20s 55 25.5 0.359 113.8 121.8 0.709
30s 153 353 0.045 314.9 327.0 0.569
/ 40s 192 474 0.097 378.3 394.6 0.589
50s 63 50.8 0.060 148.8 o 1531 0.476
Female . 20s 24 0.0 0.530 15.9 21.8 0.958
30s 86 9.3 0.126 130.0 1374 0.895
40s 48 16.7 0.211 73.6 79.2 0.854
50s 9 333 1.000 =70.6 -69.0 0.778

The BMI prediction models are constructed for whole subjects (whole) and each age-sex subgroups (subgroups). The fitness of the models are compared using

multiple correlation coefficient (Rz), AIC, BIC, and cross validation.
® Number of participants in the model.

® (Measured BMI = 23 kg'm™2) = (number of participants whose BMI are > 23 kg-m™2)/(number of all participants in the model).

¢ Akaike information criterion. Smaller values mean better model fitness.
* 4 Bayesian information criterion. Smaller values mean better model fitness.

© Values are the prediction accuracy rate calculated by comparing measured BMI with predicted one, which are dichotomized (cutoff point: BMI =
23 kg'm™2), Predicted BMI is computed using leave-one-out cross validation method. d

Chinese rice, beef, pork, and preparation by stir-fry. The
fourth was called Japanese noodles due to the high amount
of Japanese noodles and “boiling” method that included
Japanese and Chinese noodles. This fourth pattern (“Japa-
nese noodles”) was also correlated with side dishes, soy
products, fruits, and preparation by chilling, which meant
consumption of chilled side dishes such as tofu, natto, and
fruit cups. The fifth was labeled as the “pasta” pattern and
was comelated with pasta, seafood, and preparation by
grilling/roasting, which indicates that pasta or grilled seafood
was purchased.

Individual portions of the 5 dietary patterns for each
person were calculated by dividing the frequency of each
pattern with total frequency throughout the year, called
preference of dietary patterns. Any one of the 5 dietary
paiterns was preferred by 569 (89.8%) participants. Com-
paring the distribution of the dietary patterns by age-group
and sex, the “healthy” (x%, = 41.0; P < .01) and “pasta”
(%21 = 77.8; P < .001) patterns were s1gmﬁcantly biased
among groups, but “traditional Japanese” (x?;; = 29.3; P =

.11), “Chinese” (x%; = 21.0; P = .46), and “Japanese
noodles” (y%; = 18.6; P = .61) were not significantly
different among sex and age-groups.

According to the Pearson’s correlation coefficient
between BMI and the dietary pattems, a high proportion of
“pasta” pattern correlated with low BMI (» = —0.15; P <
.001). Men (r = —0.36; P < .001) and younger people (r=
0.26; P <.001) tended to have higher BM1.

Current BMI was predicted by multiple linear regression
analysis with stepwise selection using the preference of
dietary patterns calculated as mentioned earlier and 11
variables collected by the AutoMealRecord system (Table 4).
Preference of the 5 major dietary patterns did not cor-
relate with any macronutrients (Jr] < 0.2; P < .001), and we
believe it is justifiable to put the variables together into a

regression equation. For all 634 participants (the whole
model), the analysis indicated that current BMI positively
correlated with male gender, preference of “Japanese
noodles,” mean energy, protein content, and frequency of
body measurement. Current BMI correlated negatively with
age, dietary fiber, and lunchtime cafeteria use (R? = 0.22).
This regression model predicted “would-be obese” partici-
pants (BMI > 23) with 68.8% accuracy.

Different models were constructed for each age-sex
subgroup (Table 4). Akaike information criterion and BIC
were the highest in the whole model and relatively lower in
the female models (Table 5). The would-be obese prediction
accuracy rate was more than 70% in the models for males in
their 20s and females of all ages (Table 5).

4, Discussion

This exploratory data analysis has shown that the data
accumulated in the AutoMealRecord system could explain,
to some extent, current BMI. Although further evaluation
will be required, we can assume that the AutoMealRecord
System is reliable and valuable as a tool for health promotion
and lifestyle disease prevention.

We observed 5 major dietary patterns, but there was not a
“Western” pattern. This makes it difficult to compare our
results with other Western studies [20-22]. The “healthy”
and “traditional Japanese” patterns in this study were nearly
identical to the healthy and Japanese traditional patterns, by
Okubo et al [23]. The “healthy” pattern, which had a high
loading of vegetables, fruits, fish, and soy products, was
associated with lower BMI, whereas the “Japanese tradi-
tional” pattern, which had a high loading of rice, miso soup,
and soy products, was associated with higher BMI among
Japanese female students [23]. Although we could not see
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the direct correlation between these patterns and BMI, it is
suggested that the “healthy” and “traditional Japanese”
patterns are the major dietary patterns in a wide age range
of Japanese people. '

In our study, BMI was correlated only with the “pasta”
preference, calculated as annual proportions of the “pasta”
pattern for each person. Higher “pasta” preference was
associated with lower BMI (r = —0.15; P < .001). Those
who preferred the “pasta” pattern tended to be female (r =
0.29; P <.001) and younger (» = —0.13; P < .001). These
data indicate that the association between “pasta” and BMI
was not a causal association but a self-selection bias. In
Japan, pasta is regarded as fashionable and healthy food.
This might explain why the “pasta” pattern includes grilled
seafood, which is relatively lean rather than high-fat dish
such as meat or fried dish.

The multiple linear regression analysis illustrated that
higher BMI was associated with higher frequency of the
“Japanese noodles” pattern, which is likely due to the
combination of Japanese noodles (soba or udon) with side
dishes such as tofu, natto, or fruit cups. This association may
be partly understood by the role of dietary glycemic index
(GI) and glycemic load (GL). A positive association of
dietary GI and GL with BMI among American and Japanese
people has been reported [23-25]. Udon (wheat noodles) are
a major high GI/GL food in Japan and soba (buckwheat
noodles) have a relatively low GI/GL. Furthermore, those
who like to eat Japanese noodles may have little time to
enjoy their meal because they can be quickly prepared and
caten. Eating quickly has been shown to be associated with
being overweight in Japanese men and women [26]. Most
Japanese regard Japanese noodles as “daddy” food as there
are many stand-up-eating soba shops all over Japan filled
with working-age men. Although we cannot know the type
of noodles and speed of eating from the data, the association
of BMI and preference of Japanese noodles seems to support
previous studies.

The obesity prediction model for all participants indicated
that males and younger participants tended to have a higher
BMI. This is consistent with the National Health and
Nutrition Survey [2]. However, preference of dietary
patterns was not equally distributed among sex and age-
groups. An example of this is the “pasta” pattern mentioned
above. Thus, we constructed BMI prediction models by sex
and age-groups. More than half of the models contained the
annual mean of total energy and frequency of body
measurement as explained variables. Rolls et al [27] has
shown that large food portion sizes leads to excess energy
intake. The company cafeteria we observed served 2 portion
sizes (normal and small) for almost every main dish, and the
high energy intake was probably the result of choice as there
was an indication that a tendency to choose high energy
content foods was associated with higher BMI. Frequency of
body measurement seems to reflect body consciousness.
Among females in their 20s to 40s and males in their 30s,
more frequent measurement was associated with higher

BML. It is possible that these paiticipants had already been
conscious of their body shape and kept assessing themselves.
On the other hand, less frequent measurement was associated
with higher BMI among males in their 50s. This group is the
central target of the annual medical checkup act mentioned
above. It would appear that body conscious men had tried to
keep or improve their shape, although this point regarding
body consciousness and satisfaction needs to be examined in
more detail in future studies. )

The models for males and females in their 20s and females
in their 40s and 50s showed relatively higher multiple
regression coefficients. The more variables that were
selected, the higher multiple regression coefficients tended
to be, and so we did not think it was appropriate to use
multiple regression coefficients to compare the models. We
examined the model fit by AIC and BIC as these criteria are
independent of the number of variables [12-15]. Compared
with the whole model, AIC and BIC values were relatively
smaller in the sex and age-group models, which means that
these models were better than the whole model. The data
fitness of models for males in their 30s and 40s was relatively
lower, despite their frequent cafeteria use. It was suggested
that lifestyle outside the cafeteria had a greater impact on
these age-groups. .

On the model validation, we used BMI of 23 kg'm™ or
greater as the cutoff value instead of the Japanese standard
obesity criteria, BMI of 25 kg-m ™ or greater [17]. We did this
for 3 reasons. First, this was in accordance with a previous
study on the AutoMealRecord system by Ishida [18]. That
study showed that a dietary education program had more
effect on people with a BMI between 23 and 25 kg'm 2. The
result suggested that obese people more than 25 kg'm™ could
not easily change their dietary lifestyle and that preventive
intervention for nonobese people would have a greater impact
on public health. Secondly, in one study [3] founded on a
longitudinal analysis of data from a population-based cohort
study, it was reported that Japanese men and women aged 40
to 49 years tended to gain their weight for a period of 10
years. In the same study, nearly 10% of men aged 40 to 49
years who had a BMI of less than 25 kg'm™ at baseline
became obese (BMI > 25 kg'm™2) during the 10-year period.
Therefore, we decided to focus on prediction of “would-be
obese” people with a BMI more than 23 kg'm™ for model

_ validation. The third reason we used BMI of 23 kg'm™ or

greater as the cutoff value is that our study participants were a
relatively lean population compared to the general Japanese.
Few obese people whose BMI were more than 25 kg'm™
were in the female subgroups (n = 0-4), which might
destabilize the prediction capability. The models tended to
predict lower BMI, and “would-be obese” (BMI > 23
kg-m™?) prediction accuracy was better among females and
young males whose measured BMI was relatively low
(prediction accuracy, 70.9%-100.0%). The models for males
in their 30s to 50s were less well fitted, as indicated by AIC
and BIC. We must consider lifestyles outside the company
cafeteria to check their health status more precisely.
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It should be noted that our study has several limitations
because of the nature of the exploratory data analysis. First of
all, the data we used were not collected for this study. We
only “mined” the data accumulated in the AutoMealRecord
system database, which were used for the system users to
check the feedback on their dietary record on a weekly basis.
We could not make the dish classification or -nitrient
calculation. Second, the dataset included only the purchased

data from a company cafeteria. We cannot know their whole

dietary life and what the participants did or did not eat for
certain. In addition, the participants were not randomly
selected but were voluntary registrants from employees of a
major electric company. They may have higher incomes,
higher education, or better health consciousness. Although
high education had no association with dietary conscious-
ness in the study by Carrera [28], it is possible that our study
participants were more health conscious or at least healthier
because of their lower BMI than the national average in
Japan. We must be cautious about generalization of the
results. Also, we had no way of knowing the disease history
of the participants and could not eliminate effects on dietary
life from any pievious or concurrent disease. The company
we studied had employees who were at risk for lifestyle
diseases according to dietary education programs using the
AutoMealRecord system and personal comments from
dietitians. The at-risk employees were identified by system
ID. We believe that almost everyone who registered in
September 2008 was healthy. To overcome those limitations,
we are conducting a Web-based questionnaire survey asking
socioeconomic status, lifestyle, disease history, and whole
nuirition using a validated food frequency questionnaire.

In addition, we used self-reported height and weight that
are said to be subject to substantial measurement error [29].
However, Stommel et al [30] recently suggested that
nonobese people are not likely to overreport their weight
according to data from the continuous National Health and
Nutrition Examination Survey. It is reported that 90.4% of
people with “normal weight,” whose BMI was between 18.5
and 25 using physically measured weight, were classified
correctly as “normal weight” using self-reported weight [30].
It was also suggested that high-income respondents tend to
report their weight more accurately [31]. In our study,
participants were relatively lean (85.0% [539/634] of them
had BMI < 25) and most of them might be college educated
according to our recent study on the AutoMealRecord
system users (data not shown). It cannot be denied that self-
reporting bias exists within our data, but we can assume it is
minimally suppressed.

Furthermore, our dietary pattern analysis has some
limitations. We conducted a principal component analysis
to reduce the number of purchase-related variables and make
easy-to-understand dietary patterns. Principal component
analysis itself is mathematically clear-cut as it does not
depend on subjective decisions but is based on a simple
mathematical rotation of axes. However, we made a
subjective decision to use 5 major principal components

for analytical simplicity and interpretability. An exploratory
factor analysis with 5 factors had shown a similar pattern to
the result of principal component analysis, and we confirmed
the reliability and robustness of the dietary pattems beyond
analytical methods.

Beyond these limitations, it is notable that we could show
the ability of the AutoMealRecord system to predict would-
be obese people accurately by only using the data in the
system. Although further evaluation will be required, we can
assume that the data were reliable and valuable as tools for
lifestyle disease prevention. We are now conducting a Web-
based questionnaire survey and a messaging intervention
using e-mail for the AutoMealRecord system users.

Segmentation and message tailoring are the most
important methods for effectively changing health behavior
by health communications [32]. Previous dietary education
for adults has paid little attention to age and sex but
has focused more upon BMI or health consciousness. This
study indicates that tailoring the health message, with
consideration given to age and sex, is also important for
improving the effectiveness of dietary education to prevent
lifestyle diseases.

In conclusion, we are justified in believing that the
AutoMealRecord system is valuable for further consider-
ation as a health care intervention tool by analyzing the
data with data mining approach. With the spread of smart
cards, the AutoMealRecord system could be a powerful
infrastructure to maintain a healthy dietary lifestyle not
only for company employees but also for the general public
in the future.
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Health literacy and health communication

Hirono Ishikawa", Takahiro Kiuchi

Abstract

Health communication consists of interpersonal or mass communication activities focused on improving the health
of individuals and populations. Skills in understanding and applying information about health issues are critical to
this process and may have a substantial impact on health behaviors and health outcomes. These skills have
recently been conceptualized in terms of health literacy (HL). This article introduces current concepts and measure-
ments of HL, and discusses the role of HL in health communication, as well as future research directions in this -
domain. Studies of HL have increased dramatically during the past few years, but a gap between the conceptual
definition of HL and its application remains. None of the existing instruments appears to completely measure the
concept of HL. In particular, studies on communication/interaction and HL remain limited. Furthermore, HL should
be considered not only in terms of the characteristics.of individuals, but also in terms of the interactional processes
between individuals and their health and social environments. Improved HL may enhance the ability and motiva-
tion of individuals to find solutions to both personal and public health problems, and these skills could be used to
address various health problems throughout life. The process underpinning HL involves empowerment, one of the

major goals of health communication.

Introduction

Health communication, i.e., interpersonal or mass com-
munication activities focused on improving the health of
individuals and populations [1], has emerged as one of
the most important public health issues in this century.
The Healthy People 2010 project in the US suggests
that health communication can contribute to all aspects
of disease prevention and health promotion and that it
is relevant to a number of domains including (1) health
professional-patient relations, (2) individuals’ exposure
to, search for, and use of health information, (3) indivi-
duals’ adherence to clinical recommendations and regi-
mens, (4) construction of public health messages and
campaigns, (5) dissemination of individual and popula-
tion health risk information, that is, risk communication,
(6) images of health in the mass media and the culture
at large, (7) education of consumers about how to gain
access to the public health and health care systems, and
(8) development of telehealth applications.

People in modern society are expected to actively engage
in the management of their health and to make a wide
range of health decisions. Sound health decisions require
comprehensible health information that is accessible and
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appropriate to the needs and cultural and social back-
grounds of individuals [2]. Although health care profes-
sionals have historically been the primary sources of
health and medical information, the increase in media
reports and the rapid expansion of the Internet have ren-
dered other sources more available to the general public
[3-6]. Thus, skills in understanding and applying informa-
tion about health issues may have a substantial impact on
health behaviors and health outcomes. These skills have
recently been conceptualized as health literacy (HL).

One of the objectives related to health communication
in the US Healthy People 2010 project involves improving
the HL of persons with inadequate or marginal literacy
skills. Indeed, significant concern that people with limited
HL may not be able to adequately understand health infor-
mation, even in the presence of access to such information
and related services, has emerged. In some cases, more
information may actually cause feelings of confusion and
powerlessness instead of facilitating sound health deci-
sions. Even when health information is not intentionally
sought, it may be provided by the media or by anyone
with whom individuals communicate. The need for
improved HL has become apparent as the number of
health information sources that are easily accessed by the
general public has increased in the absence of established

© 2010 Ishikawa and Kiuchi; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative
Commeons Attribution License (httpy/creativecommons.org/licenses/by/2.0), which permits unresticted use, distribution, and
reproduction in any medium, provided the original work is properly cited.
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assurances of the quality of the information provided by
such sources.

The purpose of this paper is to introduce currently
used concepts and measures of HL and to present an
example of a study of HL in Japan. We then discuss the
role of HL in health communication and outline a
future research agenda for this domain.

The concept of health literacy

In general, literacy is the ability to read, write, and speak
a language in the service of understanding and solving
problems with sufficient proficiency to function at work
and in society, achieve goals, and develop knowledge and
individual potential (US Congress, National Literacy Act
of 1991, Public Law 102-73, 1991). The notion of HL is
based on this concept of literacy and generally refers to
literacy in the context of health and healthcare. Given
that basic literacy skills are required for health literacy, it
is reasonable to assume that individuals with limited lit-
eracy also have limited HL. Indeed, previous studies have
reported significant associations between measures of lit-
eracy and measures of functional HL, such as the Rapid
Estimate of Adult Literacy in Medicine (REALM) [7]and
the Test of Functional Health Literacy in Adults
(TOFHLA) [8]. On the other hand, it has been noted that
even individuals with adequate general literacy might not
have adequate HL because the literacy demands in the
context of healthcare are frequently more complex than
those in the context of everyday life [9].

Several definitions of HL are currently used; these share
the basic concept of literacy, but vary in scope. The US
Healthy People 2010 project refers to HL 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” [10]. Compared
with earlier definitions of HL that focus on patients in
healthcare settings and their understanding of medical
information, this definition includes individuals outside of
clinical settings and also links health literacy to the pro-
motion of health and preventive behaviors,

Another well-recognized definition, proposed by the
World Health Organization (WHO), defines HL more
broadly as “the cognitive and social skills which determine
the motivation and ability of individuals to gain access to,
understand, and use information in ways which promote
and maintain good health” [1]. This version also suggests
that HL entails a level of knowledge, personal skills, and
confidence that enables making changes in personal life-
styles and living conditions to improve personal and com-
munity health. Thus, this definition includes issues critical
to the empowerment of patients. It also focuses not only
on the cognitive elements of comprehending, analyzing,
and applying health information to decisions about health,
but also on the social skills involved in those interactions
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with other people and society (e.g,, communication, nego-
tiation, and organization) that are necessary for transform-
ing decisions into practice. This conceptualization also
refers to motivation in addition to ability. Based on this
conceptualization, Nutbeam [11] proposed a model of HL
that includes three levels and assumes the existence of
benefits to both the individual and the population at each
level: (1) basic/functional literacy, including skills for read-
ing and writing that enable effective functioning in every-
day situations, which is broadly compatible with the
narrow definition of HL; (2) communicative/interactive
literacy, including more advanced skills that enable active
participation in everyday activities, extracting and under-
standing information from different sources, and applying
new information to changing circumstances; and (3) criti-
cal literacy, including more advanced skills for critically
analyzing information and using this information to exert
greater control over life events and situations.

As the field of HL has expanded in scope and depth, the
term HL itself has come to have different meanings.
Nutbeam [12] distinguished two different approaches to
HL: HL as clinical “risk” and HL as personal “asset.”
According to the former, HL is considered to be a set of
individual literacy skills that act as a mediating factor in
health and clinical decision making. The definition of HL
according to the US Healthy People 2010 project is linked
to this conceptualization. In contrast, the conceptualiza-
tion of HL as a personal asset has evolved from public
health and health promotion perspectives. In this context,
HL is a means for enabling individuals to exert greater
control over their health as well as over-the range of per-
sonal, social, and environmental determinants of health;
this corresponds to the definition issued by WHO. A simi-
lar distinction has been proposed by Peerson and Saunders
[13]: “medical literacy,” which is related to individuals as
patients within health care settings, versus “health
literacy,” which is related to everyday life.

Measurement of health literacy

In general, literacy includes a variety of skills beyond read-
ing and writing, such as numeracy, listening, and speaking,
and relies on cultural and conceptual knowledge [9].
Nonetheless, most existing measures of HL have focused
primarily on reading comprehension and numeracy. Typi-
cally, the REALM, the TOFHLA, and their short versions
have been used in the US in clinical situations as screening
tools to identify patients with limited HL. -

A recent review identified 19 instruments for measur-
ing HL that were published between 1990 and 2008 and
examined their content and psychometric properties
[14]. These included instruments that directly test
an individual’s abilities (e.g,, the REALM, the TOFHLA,
the Newest Vital Sign [15]), self-reports of abilities (e.g.,
Functional, Communicative, and Critical Health Literacy
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Scales [16], the Set of Brief Screening Questions [17]),

and population-based proxy measures (e.g, the National

Assessment of Adult Literacy [18], and the Health
Activities Literacy Scale [19]). They concluded that the
composition of the underlying constructs and the nature
of the content varied widely across HL instruments, ren-
‘dering it difficult to interpret and compare studies.

It has also been noted that none of the existing
instruments appears to completely measure the con-
cept of HL as defined in the previous section. In parti-
cular, measurements of communicative/interactive and
critical HL have lagged far behind instruments addres-
sing functional HL [20]. Much work remains in the
effort to develop more comprehensive measures that
will assess individual HL with respect to an individual’s
ability to access, understand, and use health informa-
tion in ways that promote and maintain good health
[12]. Although a few recent studies have developed
self-report measures of communicative and critical HL
and examined their impact on health behaviors and
outcomes [16,21], the development of an objective
and direct measure for communicative and critical HL
may pose a greater challenge than the development of
such a measure for functional HL, such as the REALM
and the TOFHLA. Skills relevant to clinical encounters
may be assessed with a coding system applied to
recorded communication between patient and health-
care providers, such as the Roter Interaction Analysis
Systems [22], whereas skills relevant to other settings,
such as those in which information obtained from the
mass media or Internet is sought or used, may be
more difficult to assess. Assessment difficulties also
derive from the fact that the skills necessary will vary
depending on the demands placed on the patient by
the environment, including healthcare providers,
healthcare systems, and the media. Thus, an HL level
that is “adequate” in one situation may be inadequate
in another situation, and this context dependence is
especially true for. communicative and critical HL.

In this sense, it is likely that different measurement
tools will be required for measuring HL in different con-
‘texts [23]. Although previous instruments have
approached HL as a quality characterizing the indivi-
dual, HL is now seen as also based on interactions
between an individual’s skills and the demands of the
society in which the individual lives, including health-
care providers, the healthcare system, the media, and
the community [9,24]. Thus, an individual’s HL should
be defined and assessed in relation to the ability of the
society to communicate health information in a manner
appropriate to the audience (i.e., the HL of the popula-
tion). However, further difficulties may arise in the
development of an objective measurement of this type
of HL [24].
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A health literacy study in Japan

In our previous study, we developed self-rating scales
measuring the functional, communicative, and critical
HL of patients with chronic diseases [16]. Item content
and mean scores from this study are shown in Table 1.
Functional HL was assessed with five items that exam-
ined the extent to which patients experienced difficulties
in reading the instructions or leaflets provided by hospi-
tals and pharmacies (Cronbach’s & = 0.84). Communica-
tive HL was evaluated with five items that assessed the
extent to which patients extracted and communicated
diabetes-related information since they were diagnosed
with this disease (& = 0.77). Critical HL was assessed
with four items that focused on the extent to which
patients had critically analyzed diabetes-related informa-
tion and used it to make decisions (& = 0.65). Higher
scores on this HL scale were generally associated with
better knowledge of diabetes, a greater number of infor-
mation sources, and higher self-efficacy with respect to
diabetes self-care. Furthermore, patient HL, especially
communicative HL, was related to the process of com-
municating with physicians during medical visits [25].
Moving beyond previous measures focusing solely on
functional HL, this HL scale included three levels of HL,
each of which may reflect different effects on health
behaviors and outcomes. This measure also proved to
be easy to administer in a clinical setting.

Based on this study among diabetes patients, a short
version of the communicative and critical HL scale for
general populations was validated in our study of office
workers [21]. Item content and mean scores are shown
in Table 2. In our analyses, higher HL was associated
with healthy lifestyles and more effective coping with
job stress as well as with fewer somatic symptoms.

One of the limitations of these studies was that we

~were unable to examine the relationship between our

new HL scales and the existing standard measures of
functional HL, such as the TOFHLA or REALM, because
they were not available in Japanese at the time of our
study. We noted that this issue should be explored in a
future study with an English-speaking population to
further revise and validate our HL scales in the service of
enhancing their utility. After publication of these articles,
several researchers in the US, Australia, the Netherlands,
and Germany contacted us for validation of the HL scales
in their countries.

Conclusions

Although studies of HL have increased dramatically during
the past few years, a gap between the conceptual definition
of HL and its application remains. More specifically, stu-
dies on communicative/interactive and critical HL are par-
ticularly limited. Furthermore, HL should be considered
not only as a characteristic of an individual, but also as a
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Table 1 Item content and means of the Functional, Communicative and Critical HL scales
Mean sD
Functional health literacy 3.39 0.75
In reading instructions or leaflets from hospitals/pharmacies, you...
found that the print was too small to read 3.19 1.12
found characters and words that you did not know 34 0.88
found that the content was too difficult 343 0.84
needed a long time to read and understand them 327 1.04
needed someone to help you read them 365 0.86
Communicative health literacy 256 0.70
Since being diagnosed with diabetes, you have...
collected information from various sources 243 1.04
extracted the information you wanted 218 1.00
understood the obtained information 2.89 0.88
communicated your thoughts about your illness to someone 270 091
applied the obtained information to your daily life 260 099
Critical health literacy ’ 1.96 0.63
Since being diagnosed with diabetes, you have...
considered whether the information was applicable to your situation 2.71 098
considered the credibility of the information 1.87 092
checked whether the information was valid and reliable 1.76 0.96
collected information to make health-related decisions 1.51 077

Note: The theoretical range: 1-4,

featute of interactions involving an individual’s HL and

his/her health and social environments.

In contrast to the high-risk approach adopted in tradi-
tional health education, which seeks to protect suscepti-
ble individuals [26] through such actions as screening
those at high risk during health checkups to provide
health counseling, the concept of HL may facilitate the
development of a population-based approach. Such an
approach would seek to control the causes of health
problems, including eliminating the barriers that prevent
individuals with limited HL from participating in the
healthcare process and improving the HL of the popula-
tion as a whole. Previous HL intervention programs have
frequently attempted to decrease specific barriers affect-
ing those with limited HL, including teaching healthcare
providers to better communicate with patients with lim-
ited HL or developing simple and attractive health educa-
tion materials pitched at those with lower reading levels

Table 2 item content and means of the Communicative
and Critical HL scales

Mean SD
1) Seeking information from various sources 413 * 080
2) Extracting relevant information 392 082
3) Understanding and communicating the information 356 085
4) Considering the credibility of the information 352 089
:5) Making decisions based on the information 342 095
Total scale score (Mean, SD) 372 068

Note: The theoretical range: 1-5.

[27-29]. Future interventions should be expanded to
include methods for improving popular HL through
school-based health education directed at children and
adolescents as well as through more general efforts direc-
ted at adults. Improved HL could enhance the ability and
motivation of individuals to solve personal and public
health problems by enabling them to apply skills in
response to various health problems arising throughout
life. This process of empowerment constitutes one of the
major goals of health communication.
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