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Abstract: While adolescent health literacy has gained momentum, it is under-researched from a
cross-cultural perspective. This study aims to compare health literacy among two cultural groups
of secondary students in Beijing and Melbourne. A cross-sectional study was conducted with
770 students from five secondary schools in Beijing and Melbourne. A self-administered questionnaire
was designed to collect information on health literacy (the eight-item health literacy assessment
tool (HLAT-8), the Newest Vital Sign (NVS) and the 47-item Health Literacy Survey (HLS-47)),
its antecedents and health outcomes. Overall, students” health literacy in Melbourne (n = 120) was
higher than that in Beijing (n = 650): 28.25 + 6.00 versus 26.37 + 5.89 (HLAT-8); and 4.13 + 1.73
versus 3.65 + 1.64 (NVS). The proportion of students with low health literacy varied by instruments,
representing 23.7-32.2% in Melbourne and 29.0%-45.5% in Beijing. In both cultural groups, students’
self-efficacy, social support, and perceptions of school environment were associated with their health
literacy, which in turn predicted their health behaviours, patient-provider communication and health
status. Given the nature of our study design and small samples, a cautious conclusion would be
that adolescent health literacy is sensitive to the broad cultural context and might be an interactive
outcome influenced by an individual’s health skills and the social environment. Particularly, creating
a supportive school environment is critical to develop adolescent health literacy that would eventually
contribute to better health outcomes.

Keywords: health literacy; health outcomes; secondary students; cross-culture; China; Australia

1. Introduction

Over the last decade, the field of adolescent health literacy has gained momentum globally [1-4].
As a personal asset, it highlights the empowerment of adolescents and their own rights of citizenship
in society [5]. Low health literacy in adolescents is associated with a range of adverse health
outcomes including health-compromising behaviours, poor health status and overweight/obesity [6-8].
Adolescent health literacy is an important and modifiable determinant of health; promoting health
literacy at an early age is a key intervention strategy to reduce disease burden and health disparities [9].
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Compared to adult health literacy, adolescent health literacy is under-researched, particularly
from a cultural and societal perspective [10]. The seminal health literacy framework proposed by
the Institute of Medicine (IOM) highlights three settings (healthcare; education; culture and society)
where health literacy can be developed and enhanced at both individual and population levels [11].
However, most current research focuses on health literacy in either the healthcare context or educational
settings [12-14].

Cultural and social contexts shape an individual’s beliefs and languages and, therefore, influence
health literacy [11]. The relationship between health literacy and an individual’s cultural beliefs
and language backgrounds has been well documented, with immigrants and ethnic minority groups
having a higher risk of low health literacy [10,15]. In the present study, we focused on the broad
cultural and social environment, rather than an individual’s cultural beliefs and language backgrounds.
Culture provides a context through which meaning is gained from health information, and provides the
purpose by which people come to understand their health needs and take actions in healthcare, disease
prevention and health promotion to maintain good health [11,16]. Similarly, the social environment
(e.g., schools, families, communities) is well documented regarding the conditions over which an
individual has little control but that affects his or her health literacy [1]. Understanding the role of
the cultural and social environment in health literacy is important because this will inform strategic
directions for health literacy interventions in this multi-cultural and globalized world, particularly in a
diverse multicultural population.

International health literacy studies revealed that the distribution of health literacy levels differed
substantially across cultural groups [17-19]. For instance, the European Health Literacy Survey
conducted in eight countries (Austria, Bulgaria, Germany, Greece, Ireland, the Netherlands, Poland
and Spain) revealed that around half (47.6%) of respondents aged over 15 had low health literacy,
with the prevalence ranging from 28.7% in the Netherlands to 62.1% in Bulgaria [17]. While these
comparison studies provide an overall picture of health literacy between different cultural groups, they
mostly focus on adult health literacy. The comparison of adolescent health literacy remains unclear.

Using multiple measures of health literacy in a single study allows researchers to learn about
how each measure performs, to compare results between different measures and to enhance the
rigor of findings [20]. Pleasant et al. [21] recommended seven principles to advance the field of
health literacy measurement. These principles include: (1) explicitly built on a conceptual framework;
(2) multi-dimensionality in content and methodology; (3) measure health literacy on a continuous
basis; (4) treat health literacy as a latent construct; (5) honour the principle of compatibility; (6)
allow comparison across different contexts including across cultures; and (7) prioritize public health
applications versus clinical screening. However, little is known about the utility of these principles
in practice.

Given that health literacy is a broad concept with a wide range of assessment tools [3], it is
essential to consider it within a specific context for a specific content [22]. In this present study,
we defined adolescent health literacy as “an individual’s ability to find, understand and use health
information and services to promote and maintain good health” [23] and applied it into school settings.
Schools were chosen because they are critical venues for improving adolescent health literacy through
school-based programs [13]. Additionally, schools are the most common places where adolescents
spend most of their daytime. It was therefore feasible and achievable to recruit large samples in a short
time. We targeted two cultural groups of school-aged adolescents in China and Australia due to two
reasons. One reason is that low health literacy in adolescents is prevalent in both countries (93.7% in
China [24]; 67.6% in Australia [25]). However, health literacy measurement is inequivalent and making
its results incomparable. Using consistent measurement tools will enable researchers and policymakers
to understand the status of health literacy across cultures and identify unique and/or common health
literacy needs and influencing factors within each culture, thus contributing to directional strategies
about next-step health literacy interventions. The second is an opportunistic reason because of the
research team’s background and partnership networks in China and Australia.
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Based on Pleasant’s health literacy measurement principles [21], we aimed to examine and compare
health literacy between Chinese and Australian school-aged adolescents, in order to understand
the effect of cultural and social environment on adolescent health literacy and identify areas for
improvement across different cultural contexts. A secondary aim was to advance the practice of health
literacy measurement.

2. Materials and Methods

2.1. Study Population and Sampling Design

A cross-sectional study was designed to recruit adolescents from five secondary schools in two
cities: four schools in Beijing, China, and one school in Melbourne, Australia, using cluster and
convenience sampling. Utilizing existing partnerships with Beijing secondary schools, we selected
two public government schools in a high socioeconomic district and two in a low socioeconomic
district. At each school, two whole classes in each year level (Years 7, 8 and 9) were chosen, with
the number of students in each class ranging from 20 to 35. In Melbourne, one public government
school in high socioeconomic district was recruited and all students (n = 918) in Years 7-9 were
invited to participate in the field survey. Ethics approval to conduct this study was obtained from
The University of Melbourne (Ethics number: 1442884) and Peking University Institutional Review
Board (Ethics number: IRB00001052-15024). To ensure the reporting and methodological quality of this
study, the STROBE statement [26] and Pleasant’s health literacy measurement principles [21] were
employed. Further details are presented in Appendices A and B.

2.2. Data Collection

The field survey in Beijing was conducted between November and December 2015. Passive and
opt-out consent was obtained from both parents and students. Prior to data collection, the principal
researcher gave a brief training to ten investigators (i.e., Master students in public health from Peking
University) to ensure consistency of the administration. All secondary students were then asked to
complete a self-administered print version questionnaire during class or a class break.

The field survey in Melbourne was conducted between July and September 2016. Active and
opt-in consent was obtained from both parents and students. With school representatives’ support,
a web link of our questionnaire was sent to all students who had parental consent in Years 7-9 by class
email. Students were invited to complete an online questionnaire when participating in the first health
and physical education class in the third school term.

2.3. Questionnaire

The English version questionnaire was developed first based on Manganello’s health literacy
framework [1], which included students’ health literacy, key upstream factors (i.e., intrapersonal,
interpersonal, and environmental factors) and health outcomes. Then it was translated into Chinese
using a translation and back translation technique [27]. Given that some measurement scales
(i.e., self-efficacy, social support, health literacy, health behaviours, patient-provider communication,
and health status) have been translated and validated in Chinese adolescents, we only translated those
without a Chinese version (e.g., school environment, community environment).

2.3.1. Intrapersonal Factors

Intrapersonal factors included socio-demographics and self-efficacy. Socio-demographics included
age, gender (male or female), year level (Years 7, 8 or 9), family composition (living with two parents or
other living arrangement), and family affluence level (low, medium or high) [28]. Personal self-efficacy
was measured by the General Self-Efficacy Scale (GSES) [29], a 10-item scale that assessed personal
belief in the ability to cope with a variety of challenges in life. Respondents indicated their level of
agreement on a 4-point scale (1 = not at all true, 4 = exactly true). The GSES total score range was
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1040, with higher scores indicating higher levels of self-efficacy. In the present study, Cronbach’s « for
the GSES was 0.89.

2.3.2. Interpersonal Factors

Interpersonal factors were assessed using the Multidimensional Scale of Perceived Social Support
(MSPSS) [30], a 12-item scale that measured an individual’s perceived support from family, friends and
significant others. Respondents answered each item on a seven-point Likert scale (1 = very strongly
disagree, 7 = very strongly agree). The MSPSS total score range was 12-84, with higher scores reflecting
higher levels of social support. Cronbach’s o for the MSPSS was 0.93 for our sample.

2.3.3. Environmental Factors

School environment was assessed by the School Environment Scale (SES), which was derived
from the Communities That Care Youth Survey [31]. The SES comprised 10 items measuring students’
subjective feelings about opportunities and rewards for prosocial involvement at school. Respondents
indicated their level of agreement with each statement on a four-point Likert scale (1 = strongly
disagree, 4 = strongly agree). The SES total score range was 10—40, with higher scores suggesting
stronger bonds of attachment to school. Cronbach’s o for the SES was 0.88 in this study.

Community environment was assessed by the Community Environment Scale (CES), which
measured respondents’ subjective feelings of their neighbourhood environment such as cleanliness and
safety [32]. Participants answered each item on a five-point scale (1 = strongly disagree, 4 = strongly
agree; 0 = do not know). The CES total score range was 0-36, with higher scores indicating a more
liveable and supportive community. In this study, Cronbach’s « for the CES was 0.84.

2.3.4. Health Literacy

Three health literacy instruments were used to compare results between different measures and
enhance the rigor of findings [20]: the eight-item Health Literacy Assessment Tool (HLAT-8) [23],
the six-item Newest Vital Sign (NVS) [33] and the 47-item Health Literacy Study-Asia-Questionnaire
(HLS-47) [34]. The HLAT-8 and the HLS-47 were self-report instruments that measured an individual’s
ability to access, understand, evaluate, and communicate health information in everyday life [23,34];
whereas the NVS was a performance-based measure for reading comprehension and numeracy [33].
The total score range was 0-37, 06 and 0-50, respectively, with higher scores indicating higher levels
of health literacy. Scores of 4 to 6 for the NVS and scores of 33-50 for the HLS-47 indicated “adequate
health literacy”. The NVS and the HLS-47 have shown satisfactory internal consistency and structural
validity [34,35]. The HLAT-8 has been validated in Chinese secondary students [36], with a Cronbach’s
alpha of 0.79.

2.3.5. Health Outcomes

Three health outcomes were assessed including health behaviours, health service use, and health
status. Health behaviours were measured by five items (breakfast eating, physical activity, cigarette
smoking, alcohol drinking and teeth brushing) derived from previously well-established student
health and wellbeing surveys [37]. The total score for health behaviours is 5-35, with higher scores
indicating more health-promoting behaviours. Health service use was assessed by a single item of
patient-provider communication (‘How many times have you raised a question during your doctor’s
appointment in the last 12 months?” 1 = 0 time, 4 = 6 times or more) [34]. Health status was assessed
using a widely-used general self-report health question (‘In general, would you say your health is?’
1 = poor, 5 = excellent) [38].
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2.4. Statistical Analysis

All statistical analyses were conducted using STATA 15.1 (StataCorp LLC, College Station,
TX, USA). Descriptive statistics (frequency/percentage, mean, median) were first used to examine
participants” socio-demographics, both overall and by two locations. Univariate analysis (t-test,
ANOVA, nonparametric test) was then conducted to examine the differences in health literacy,
its antecedents and health outcomes between Beijing and Melbourne students. Finally, multivariate
analysis (linear regression, logistic regression) was used to investigate the association between health
literacy and its antecedents, health literacy and health outcomes. The individual mean substitution was
conducted for non-response items in self-report scales. Data normality was assessed using skewness
and kurtosis values. Results showed that scores on self-efficacy, health literacy and school environment
were distributed normally, whereas scores on social support, community environment and health
behaviours showed non-normal distribution.

3. Results

3.1. Participants” Socio-Demographics

In total, 770 students in Years 7-9 were recruited from five secondary schools in Beijing (n = 650)
and Melbourne (n = 120). The mean age of participants was 13.45 + 1.02 (range: 11-17 years).
The distribution of location, gender, year level, family composition and family affluence level are
shown in Table 1.

Table 1. Socio-demographics of study participants.

0,
Participant Characteristics Mean + SD or Frequency (%)

Total Beijing Melbourne Statistic (p)

Age 13.45 + 1.02 13.42 +1.01 13.63 + 1.03 —2.15(0.032)
Location

Beijing 650 (84.4) - - B

Melbourne 120 (15.6) - -
Gender

Male 430 (55.8) 357 (54.9) 73 (60.8)

Female 340 (44.2) 293 (45.1) 47 (39.2) 144 (0.231)
Year level

Year 7 264 (34.3) 232 (35.7) 32 (26.7)

Year 8 250 (32.5) 215 (33.1) 35 (29.2) 7.98 (0.018)

Year 9 256 (33.3) 203 (31.2) 53 (44.2)
Family composition

Living with two parents 692 (90.0) 572 (88.1) 120 (100.0)

Other living arrangement * 77 (10.0) 77 (11.9) 0 15.82 (<0.001)
Family affluence level

Low 181 (23.7) 179 (27.8) 2 (1.7)

Medium 324 (42.4) 296 (46.0) 28 (23.3) 112.30 (<0.001)

High 259 (33.9) 169 (26.2) 90 (75.0)

SD, Standard Deviation. * Other living arrangement included living with a single parent or living with a relative, or living
in a shared care institution.

3.2. Health Literacy, Its Antecedents and Health Outcomes

Table 2 shows differences in health literacy, its antecedents and each health outcome, both overall
and by locations. Univariate analysis showed that students” health literacy in Melbourne was higher
than that in Beijing: 28.25 + 6.00 versus 26.37 + 5.89 (HLAT-8; p = 0.001); 4.31 £+ 1.73 versus 3.65 + 1.64
(NVS; p < 0.001). The proportion of students with low health literacy varied by self-report (HLS-47)
and performance-based (NVS) instruments, representing 23.7%-32.2% in Melbourne and 29.0%—-45.5%
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in Beijing. When examining the difference in health literacy antecedents, we found that Melbourne
students had higher scores in self-efficacy (31.13 + 5.08 versus 26.85 + 6.37; p < 0.001) and community
environment (29.68 + 5.75 versus 25.89 + 6.09; p < 0.001) than their counterparts in Beijing. In addition,
there were also differences in scores of health behaviours and health status, with Melbourne students
showing more health-promoting behaviours and better health status.

Table 2. Distribution and univariate analysis of health literacy, its antecedents and health outcomes.

Mean =+ SD or Frequency (%)

Key Variables
Total Beijing Melbourne Statistic (p)
Health literacy
HLAT-8 26.66 + 5.94 26.37 + 5.89 28.25 + 6.00 —3.21 (0.001)
NVS 374+ 1.64 3.64 +1.64 431 +1.52 —4.05 (<0.001)
Low health literacy (0-3 scores) 321 (43.0) 288 (45.5) 33(29.2) 10.38 (0.001)
High health literacy (4-6 scores) 425 (57.0) 345 (54.5) 80 (70.8) ' '
HLS-47 36.95 +9.41 36.80 +9.59 37.72 + 8.40 —-0.97 (0.332)
Low health literacy (0-33 scores) 203 (28.2) 175 (29.0) 28 (23.7) 137 (0.242)
High health literacy (34-50 scores) 518 (71.8) 428 (71.0) 90 (76.3) ’ ’
Antecedents
Self-efficacy 27.52 + 6.37 26.85 + 6.37 31.13 + 5.08 —6.94 (<0.001)
Social support 63.21 £15.03 6279 +15.26  65.49 + 13.51 —-1.50 (0.133)
School environment 30.41 £ 5.44 30.48 + 5.59 30.00 + 4.53 0.89 (0.375)
Community environment 26.49 + 6.19 25.89 + 6.09 29.68 + 5.75 —-7.63 (<0.001)
Health outcomes
Health behaviours 30.21 + 3.56 30.07 + 3.61 30.95 + 3.20 —2.40 (0.017)
Patient-provider communication
No (0 time) ' 383 (51.8) 332 (53.2) 51 (44.0) 3.34 (0.067)
Yes (at least 1 time) 357 (48.2) 292 (46.8) 65 (56.0)
Health status
Fair or poor 241 (31.3) 224 (34.5) 17 (14.2)
Excellent or very good or good 529 (68.7) 426 (65.5) 103 (85.8) 1940 (<0.001)

HLAT, the 8-item Health Literacy Assessment Tool; HLS-47, the 47-item Health Literacy Survey; NVS, the Newest Vital Sign;
SD, Standard Deviation.

3.3. Association between Health Literacy and its Antecedents

Based on Manganello’s health literacy framework [1], we tested the relationship between health
literacy and its antecedents according to each health literacy instrument. Here we laid emphasis on
four modifiable factors that were potentially related to health literacy and reported their results in order
to provide strategic implications for next-step intervention. After controlling for potential covariates
(i.e., gender, year level, family composition, and family affluence level), we found consistent evidence
on the positive association between overall health literacy and self-efficacy, social support, and school
environment when using the HLAT-8 and HLS-47, respectively (Table 3). In addition, community
environment was associated with student’s health literacy when using the HLS-47. On the contrary,
the relationship between health literacy and its antecedents was not clear when using the NVS, but
we observed a positive effect of self-efficacy, social support, school environment and community
environment on health literacy (NVS).

When comparing the standardized coefficients between independent variables, we found that
school environment was the most significant influencing factor for health literacy, suggesting the
important role of schools in developing students” health literacy.
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3.4. Association between Health Literacy and Health Outcomes

After controlling for all potential covariates (i.e., gender, year level, family composition, family
affluence level, self-efficacy, social support, school environment, and community environment),
we examined the relationship between health literacy and each health outcome according to each
health literacy instrument respectively. Results showed that health literacy was positively associated
with health-promoting behaviours (3 = 0.06~0.07; p < 0.05), frequent patient-provider communication
(OR =1.03~1.07; p < 0.05) and good health status (OR = 1.03; p < 0.05) when using the HLAT-8 and the
HLS-47. On the contrary, there was little evidence about the relationship between health literacy and
all health outcomes when using the NVS (Table 4).

4. Discussion

4.1. Summary of Key Findings

The present study investigated and compared secondary students’ health literacy in Beijing
and Melbourne using different health literacy assessment tools. Specifically, there were three key
findings: (1) differences in adolescent health literacy were observed between two cultural groups, with
Melbourne students showing higher health literacy; (2) the use of different health literacy instruments
resulted in different prevalence of low health literacy in both cultural groups; and (3) there was
consistent evidence on the common determinants of health literacy and impacts of health literacy on
health outcomes across both cultural groups.

4.2. The Role of the Cultural Context in Predicting Adolescent Health Literacy

Consistent with previous theoretical and empirical studies [11,17], we found differences in health
literacy between Melbourne students and Beijing students, suggesting adolescent health literacy is
sensitive to the broad cultural context. Given that school health education is one of the main approaches
to equipping adolescents with adequate health literacy skills [21], one possible explanation of our
results is due to the cultural difference in the implementation of school health education between
China and Australia. Although “health literacy” is explicitly included in the rationale and aims of
school health education in both China and Australia [13,39], there are two key differences in terms of its
conceptualization and the learning environment. Health literacy in China focuses on health knowledge
and behaviours [39], whereas health literacy in Australia lays more emphasis on health skills such
as critical thinking [13], which aligns with the component of health literacy measures (e.g., HLAT-8)
used in the present study. In addition, China’s educational system traditionally expects students to be
passive and not to question their teachers and health professionals [40]. This top-down pedagogical
approach focuses on communication of health knowledge, rather than developing health skills and
empowering students to consider how to take action to improve their health. Another likely reason is
due to the fierce academic pressure in Chinese secondary schools, compared to Australian schools [41].
Due to limited class time of school health education and inadequate teaching resources, Chinese
students are less likely to acquire enough health knowledge and skills for better healthy decision
making in such an academic-focused culture [42]. Except for the above two reasons, there might be
other social and structural determinants within each cultural group such as an individual’s beliefs,
languages and attitudes [15]. To fully examine the impact of culture on health literacy at both the
individual and societal level, there is a need for future research such as using qualitative methods to
explore the underlying factors and mechanisms linking culture to adolescent health literacy.
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Table 3. Multiple linear regression models predicting health literacy according to different instruments.
Health Literacy (HLAT-8) # Health Literacy (NVS) # Health Literacy (HLS-47) #
In\c}el?ell;;ient Total * Beijing Melbourne Total * Beijing Melbourne Total * Beijing Melbourne
ariables
Beta 95%CI Beta 95%CI Beta 95%CI Beta 95%CI Beta 95% CI Beta 95%CI Beta 95%CI Beta 95%CI Beta 95% CI
. 0.04, 0.03, -0.12, -0.02, -0.02, -0.06, 0.05, 0.02, -0.04,
Self-efficacy ~ 0.12 018 0.12 0418 0.16 0.48 0.02 0.03 0.02 0.03 0.07 010 0.12 0.29 0.10 0.27 0.19 0.68
Social 0.04, 0.04, -0.03, -0.00, -0.00, -0.02, 0.05, 0.04, 0.03,
support 0P 010 0¥ o1 OB g1 007 g 007 g7 009 g 017 g4 016 45 025 oo
School 0.15, 0.16, —-0.24, -0.01, -0.01, -0.13, 0.20, 0.20, —0.03,
environment 0.23 0.34 0-25 0.36 007 0.42 005 0.04 0.06 0.05 0.09 0.06 0-20 0.51 0-21 0.53 020 0.78
Community —0.04, —0.04, -0.16, -0.00, -0.00, —0.05, 0.05, -0.00, 0.11,
environment 0.03 0.10 0.03 0.10 0.02 0.21 0.07 0.04 0.08 0.05 0.00 0.06 0-11 0.27 0.08 0.25 0.23 0.56

Beta, standardized coefficient; CI, Confidence Interval of unstandardized coefficient; HLAT, the eight-item Health Literacy Assessment Tool; HLS-47, the 47-item Health Literacy Survey; NVS, the
Newest Vital Sign. # Health literacy was measured as a continuous dependent variable; * Location was additionally added as a controlling variable. All models were conducted, controlling for
gender, year level, family composition and family affluence level. Bold values are those with p value less than 0.05.

Table 4. Multivariate regression models predicting health outcomes according to different instruments.

Health Behaviours * Patient-Provider Communication & Health Status &
In;llep‘erl;(ilent Total * Beijing Melbourne Total * Beijing Melbourne Total * Beijing Melbourne
ariable
B 95% CI B 95% CI B 95%CI OR 95%CI OR 95%CI OR 95%CI OR 95%CI OR 95%CI OR 95%CI
Health
literacy
0.01, 0.00, -0.02, 1.04, 1.03, 1.01, 1.00, 0.99, 0.98,
HLAT-8 0.06 0.10 0.06 011 0.08 017 1.07 111 1.07 110 1.10 1.20 1.03 1.06 1.03 1.06 1.08 119
-0.09, -0.07, -0.50, 0.95, 0.98, 0.58, 0.90, 0.91, 0.51,
NVS 0.06 0.20 0.10 0.26 -0.19 011 1.04 115 1.08 119 0.78 1.05 1.00 111 1.01 112 0.82 1.29
0.04, 0.02, 0.08, 1.01, 1.01, 1.01, 1.01, 1.01, 0.96,
HLS-47 0.07 0.10 0.06 0.09 0.15 0.23 1.03 1.05 1.03 1.05 1.08 115 1.03 1.05 1.03 1.05 1.05 115

f3: unstandardized coefficient; CI, Confidence Interval; HLAT, the eight-item Health Literacy Assessment Tool; HLS-47, the 47-item Health Literacy Survey; NVS, the Newest Vital Sign; OR, Odds
Ratio. * Separate multiple linear regression models were conducted to predict health behaviours according to each health literacy instrument; & Separate multiple logistic regression models were
conducted to predict patient-provider communication and health status according to each health literacy instrument; * Location was additionally added as a controlling variable. All models were

conducted, controlling for gender, year level, family composition, family affluence level, self-efficacy, social support, school environment and community environment. Bold values are those with
p value less than 0.05.
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4.3. Differing Performance of Health Literacy Measurement Tools

Compared with previous similar research in adults [43], the present study extends what is
known about health literacy comparison in adolescents using different assessment tools. The NVS,
a performance-based instrument [33], captured a higher proportion of students with low health literacy
than the HLS-47, a self-report instrument [34]. One possible reason was the different underlying
constructs of health literacy in each instrument. The NVS mainly focused on functional domain
(reading and numeracy) [33], whereas the HLS-47 captured a more comprehensive health literacy
which included functional, interactive (communication) and critical (evaluation and decision-making)
domains [34]. Another possible reason was due to the measurement error inherent in self-report
instruments. As shown in a study by Chew et al. [14], respondents with high self-efficacy were
likely to rate highly in perceived competence with health. As the present study did not focus on the
comparison of self-report and performance-based measures, whether this over-estimation exists needs
to be explored in future research.

4.4. A Holistic Approach to Improving Adolescent Health Literacy

Consistent with existing theoretical frameworks [1,44], we found that adolescent health literacy
was related to intrapersonal, interpersonal and environmental factors. Additionally, our findings
are in line with previous empirical findings which suggested a close relationship between health
literacy and personal self-efficacy [45], social support [46] and school environment [47]. Compared to
previous quantitative studies [45-47], we did not analyse the relationship between health literacy and
its antecedents separately. Instead, we considered all these antecedents together based on Manganello’s
health literacy framework [1]. In addition, our finding extends the ecological evidence from a
quantitative perspective using three different health literacy assessment tools. Understanding which
influential factors are the most important can assist researchers to identify effective entry points for
health literacy interventions. As shown in our results (standardized coefficients in Table 3), providing
a supportive school environment seems to be the most effective intervention strategy in enhancing
students’ health literacy. For example, the Health Promoting Schools (HPS) programs have been
successful and widely accepted as a whole-school approach to provide students with a supportive
environment to develop health literacy [48,49]. The key principles underlying these programs include
clarifying a vision for health literacy in school policies, improving the school’s physical and social
environment, and building partnerships with local communities [50,51].

Similarly, aligning with previous findings [6,52,53], we also found that adolescent health literacy
was associated with a range of health outcomes, suggesting that promoting health literacy could be a
useful strategy to improve student’s overall health. However, we did not verify the mediating role of
health literacy in the relationship between its antecedents and each health outcome. Further research is
needed to use longitudinal data and causal mediation analysis to examine the role of adolescent health
literacy in predicting health outcomes.

4.5. Strengths and Limitations

We used two methodological frameworks to ensure the clarity, transparency, and rigor of the
present study. First, Manganello’s health literacy framework was used to guide our study design
and data collection [1]. Second, Pleasant’s health literacy measurement principles were employed as
methodological guidelines to advance the practice of health literacy measurement [21]. Particularly,
three different health literacy assessment tools were used to provide a comprehensive understanding
of health literacy in secondary school students.
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Limitations should be noted. First, due to convenience sampling, students in Beijing and
Melbourne secondary schools were not representative. Beijing and Melbourne secondary students’
health literacy might be higher than the general population of secondary school students because
they live in metropolitan cities, which means that they have better access to education than their
counterparts from disadvantaged backgrounds. Second, the sample size was not equivalent to Beijing
and Melbourne secondary students. Due to recruitment challenges (e.g., active, opt-in consent from
both parents and adolescents; busy educational commitment; no interest in research) and non-existing
partnerships with Melbourne secondary schools, only 120 Australian students were recruited from one
school. This may limit the statistical power of our findings for Melbourne students. Future research is
needed to replicate our findings with larger and more representative samples across cultural groups.
Third, this study only investigated the role of the broad cultural context in health literacy at the school
level, rather than an individual’s cultural beliefs, ethnicities and language backgrounds. For example,
we did not investigate the difference in Melbourne students’ health literacy by their country of birth and
primary language spoken at home due to the small sample size. Further research is needed to explore
the influence of culture at both the individual and societal level. Fourth, findings of the associations
between health literacy, its influencing factors and health outcomes were based on cross-sectional data.
Longitudinal studies or intervention studies with participant follow-up are needed to further confirm
the causal relationship we observed here.

4.6. Implications

Given that health literacy measurement varies by its dimensions, health topics, forms of
administration and participants’ characteristics [3], it is important to consider using Pleasant’s
health literacy measurement principles as methodological guidelines to reduce disparities in health
literacy measurement. For example, using multiple assessment tools can assist researchers to capture
health literacy from different perspectives and verify if there are replicated findings, thus enhancing the
rigor of evidence [21]. In the meantime, it remains unclear about the rationale of obtaining an accurate
and continuous score of health literacy. Consistent with the approach used in previous studies [17-19],
we treated each domain of health literacy measurement as having equal weight and then got an overall
score. There is a need for future research to explore the degree to which each domain contributes to the
overall health literacy score. Establishing such a specific scoring system will assist researchers to better
understand the role of each domain and further advance the field of adolescent health literacy.

Despite the differing performance of each health literacy instrument, we found that at least
one-third of adolescents did not have adequate health literacy skills, which in turn predicted their
health outcomes. Compared to previous generations, adolescents nowadays face significant health
challenges in the 21st century such as the shift in disease burden from traditional communicable
diseases to non-communicable diseases and conditions [54] and challenges that adolescents face
when using the Internet to access online health information [55]. Therefore, it is imperative to equip
themselves with health literacy, particularly critical thinking and decision-making skills, to address
these health challenges at an early age. In practice, low health literacy is not an individual issue,
but an interactive outcome affected by an individual’s health skills and the broad cultural and social
environment. Health literacy, as an outcome of school health education [48], should be continued
and strengthened using the HPS framework to promote the health and well-being of all children
and adolescents.
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Culture is commonly associated with many antecedents of health disparities [56]. Our findings
showed that cultural and social environments were related to adolescent health literacy. Cultural
perspectives of health literacy help deepen the understanding of the global context within which health
literacy plays an important role [57]. For example, health literacy initiatives such as the OPtimising
HEealth LlterAcy (OPHELIA) toolkit can help address socio-cultural differences between health
providers and patients (e.g., children and adolescents), thus narrowing the communication gap and
improving access to health information and services [58]. Meanwhile, given that little empirical
evidence is available from the young generation [10,59], there is also a need to examine the specific
role of culture (e.g., ethnicity, race, ancestry) and how it interacts with health literacy and eventually
contribute to health outcomes.

5. Conclusions

Adolescent health literacy is sensitive to the broad cultural context. While the prevalence of
low health literacy varies when using different health literacy assessment tools, low health literacy
is common, with at least one-third of adolescents facing challenges of accessing, understanding and
using health information in everyday life. Except for the impact of culture on health literacy, there is
consistent evidence showing that adolescent health literacy is associated with personal self-efficacy,
social support, and perceptions of school environment in both cultural groups. In addition, adolescent
health literacy is related to health behaviours, patient-provider communication, and health status.
Given the nature of our study design and small samples, we have made a cautious conclusion that
adolescent health literacy might be an interactive outcome influenced by an individual’s health skills
and the social environment. Particularly, creating a supportive school environment is critical to develop
adolescent health literacy that would eventually contribute to better health outcomes.
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Appendix A
Table A1. STROBE 2007 (v4) Statement—Checklist of items that should be included in reports of cross-sectional studies.
Section/Topic Item#  Recommendation Reported on Page #
Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or the abstract 1
(b) Provide in the abstract an informative and balanced summary of what was done and what was found 1
Introduction
Background/rationale 2 Explain the scientific background and rationale for the investigation being reported 1-2
Objectives 3 State specific objectives, including any pre-specified hypotheses 3
Methods
Study design 4 Present key elements of study design early in the paper 3
. Describe the setting, locations, and relevant dates, including periods of recruitment, exposure, follow-up,
Setting 5 . 3
and data collection
Participants 6 (a) Give the eligibility criteria, and the sources and methods of selection of participants 3
Variables 7 Cl.earl}{ defme.all (?utc'orr}es, exposures, predictors, potential confounders, and effect modifiers. 34
Give diagnostic criteria, if applicable
For each variable of interest, give sources of data and details of methods of assessment (measurement).
Data sources/measurement 8 * . - . . 3-4
Describe comparability of assessment methods if there is more than one group
Bias 9 Describe any efforts to address potential sources of bias 5
Study size 10 Explain how the study size was arrived at 3
Quantitative variables 1 Explain how quantitative variables were handled in the analyses. If applicable, describe which groupings 34
were chosen and why
Statistical methods 12 (a) Describe all statistical methods, including those used to control for confounding 4-5
(b) Describe any methods used to examine subgroups and interactions 4-5
(c) Explain how missing data were addressed 5
(d) If applicable, describe analytical methods taking account of sampling strategy N/A
(e) Describe any sensitivity analyses N/A
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Section/Topic Item#  Recommendation Reported on Page #
Results
Participants 13+ (a? Re‘p.ort numbers of ip(?livid}lals at eth stage of study—e. g., numbers potentially eligible, examined for 5
eligibility, confirmed eligible, included in the study, completing follow-up, and analysed
(b) Give reasons for non-participation at each stage N/A
(c) Consider use of a flow diagram N/A
Descriptive data 14 * 252 f;‘;ieﬁ?;fie:fitﬁ doefrztudy participants (e.g., demographic, clinical, social) and information on exposures 5 and Table 1
(b) Indicate number of participants with missing data for each variable of interest Table 1
Outcome data 15* Report numbers of outcome events or summary measures 5-6 and Table 2
Main results 16 {Qlg,95% confience mierval) Make ceat which confounders wer adjusted for and why they wre ncluded  6-5 Tbles 3and 4
(b) Report category boundaries when continuous variables were categorized Table 2
() If relevant, consider translating estimates of relative risk into absolute risk for a meaningful time period ~ N/A
Other analyses 17 Report other analyses done—e.g., analyses of subgroups and interactions, and sensitivity analyses N/A
Discussion
Key results 18 Summarise key results with reference to study objectives 9
Limitations 19 Discu§s limitations 9f the study, taking.intol account sources of potential bias or imprecision. Discuss both 10
direction and magnitude of any potential bias
20 Gives s overdl mpretton o el considering ot miatons mulilicty cfanlyes
Generalizability 21 Discuss the generalizability (external validity) of the study results 9-11
Other information
Funding 2 Give the source of funding and the role of the funders for the present study and, if applicable, for the original 12

study on which the present article is based

* Give information separately for cases and controls in case-control studies and, if applicable, for exposed and unexposed groups in cohort and cross-sectional studies. Note: An Explanation and
Elaboration article discusses each checklist item and gives methodological background and published examples of transparent reporting. The STROBE checklist is best used in conjunction with this
article (freely available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at http://www.annals.org/, and Epidemiology at http://www.epidem.com/).
Information on the STROBE Initiative is available at www.strobe-statement.org.
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Appendix B

Pleasant’s Health Literacy Measurement Principles as a Methodological Guideline

To advance and standardize the field of health literacy measurement, Pleasant et al. [1] proposed
a research agenda that recommended seven evaluation principles for health literacy measurement in
2011. These evaluation principles were used as a methodological guide in our study:

e Recommendation 1: Explicitly built on a conceptual framework of health literacy

Manganello’s health literacy framework [2] was used to measure the construct of health literacy
and the relationships between health literacy and other variables such as socio-economic status.

e Recommendation 2: Multi-dimensional in content and methodology

As for multi-dimensionality, health literacy was measured using three dimensions including
functional, interactive and critical. As for methodology, two ways were considered. One way was that
multiple measures of health literacy (i.e., the HLAT-8, the NVS and the HLS-47) were used in a single
study. This way could assist researchers to capture the status of students” health literacy from different
perspectives [3]. The other way for considering the multi-dimensional nature of methodology was
that two forms (i.e., online survey, and paper-and-pencil survey) of data collection were used in our
study. However, the online survey was only conducted among Australian secondary students, and the
paper-and-pencil survey was only conducted among Chinese secondary students.

e Recommendation 3: Measure health literacy on a continual basis

All three health literacy assessment tools (i.e., the HLAT-8, the NVS and the HLS-47) measured
health literacy based on a continuous score.

e Recommendation 4: Treat health literacy as a ‘latent construct’

Health literacy was treated as a latent construct in the univariate analysis and multivariate analysis.

e Recommendation 5: Honour the principle of compatibility

The content of the HLAT-8 was piloted on both Chinese and Australian secondary students.
The wording and content of questions were appropriate to the context of the field use
(i.e., secondary schools).

e Recommendation 6: Allow comparison across different contexts including cultures

Health literacy measurement was considered for use in both Chinese and Australian
secondary students.

e Recommendation 7: Prioritize public health applications versus clinical screening

The present study targeted secondary schools as research settings. Therefore, health literacy
measurement occurred in the public health context rather than in clinical settings. Findings from this
study can be used to inform school health education, practice and policies.
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