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Abstract

:

Health literacy is a broad and multidimensional construct, making its measurement and conclusions inconsistent. This study aims to compare the patterning of health literacy using different assessment tools and examine their impact on children’s developmental outcomes. A cross-sectional study was conducted with 650 students in Years 7–9 from four secondary schools in Beijing. Health literacy was measured by the eight-item health literacy assessment tool (HLAT, score range 0–37), the six-item Newest Vital Sign (NVS, score range 0–6), and the 16-item Health Literacy Survey (HLS, score range 0–16). Based on Manganello’s health literacy framework, information on upstream factors (e.g., gender, ethnicity, socioeconomic status) and developmental outcomes (e.g., health-promoting behaviours, health service use, global health status) was collected. Overall, the average scores for health literacy were 26.34 ± 5.89, 3.64 ± 1.64, and 13.72 ± 2.94, respectively, for HLAT, NVS, and HLS. The distribution of health literacy varied by socio-demographics and individual characteristics except for gender, no matter which health literacy assessment tool was used. The magnitude of associations between health literacy, its upstream factors and developmental outcomes was greater when using three-domain instruments (HLAT and HLS) than using single-domain instruments (NVS). The approach to health literacy measurement will influence the conclusion. Using multidimensional assessment tools may better capture a child’s health literacy and contribute to the maximum efficiency and effectiveness of school-based health literacy interventions.
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1. Introduction


Defined as an individual’s ability to obtain, understand and use health information to maintain and promote good health, health literacy is a key concept underlying everyday health-related decisions [1,2]. In the context of the coronavirus disease of 2019 (COVID-19), health literacy supports one’s decisions on washing hands, maintaining physical distance, and complying with quarantine policies, thus contributing to a more likely successful public health response strategy [3,4,5]. A large body of empirical studies shows that low health literacy is prevalent around the world [6,7] and is associated with a range of adverse health outcomes, including unhealthy health behaviours, ineffective use of health services, and poor health status [8,9,10]. Addressing low health literacy has become a global public health priority, with many countries including it as part of national policies and government initiatives [11,12].



Compared to adults, children have five unique characteristics of health literacy [13], which are called 5 “Ds” in terms of “Disease patterns and health perspectives” (i.e., children are experiencing a unique pattern of health, illness and disability), “Demographic patterns” (i.e., children are vulnerable to health inequalities), “Developmental change” (i.e., children are experiencing a life stage in which physical, emotional, cognitive and social development processes occur), “Dependency” (i.e., children are dependent on their parents, friends and peers when making health decisions) and “Democracy” (i.e., children have their own right to be informed and to participate actively in health decision). Like adult health literacy, child health literacy is a multidimensional concept [14,15], consisting of three domains: functional, interactive, and critical. The functional domain refers to basic skills in reading and understanding health information. The interactive domain denotes advanced skills that allow individuals to extract health information from various forms of communication. The critical domain represents more advanced skills that can be used to critically evaluate health information and take control over health determinants [2].



National and international surveys show that low health literacy is prevalent amongst children aged 10–24, ranging from 34% in the USA to 93.7% in China [14,15]. From a human capital perspective [16], early investment in health literacy is the most cost-effective means of improving population health and reducing health inequities. As a child grows, his/her health literacy skills evolve over the life course and empower him/her to better take control over surrounding social determinants of health [17]. In the complex pathways from social determinants of health to health disparities, health literacy is not only a direct and independent determinant of health but also a mediating factor that influences the relationship between other social determinants of health (e.g., socioeconomic status) and health outcomes [18]. There is a clear social gradient in children’s health literacy [19], which in turn contributes to their health and developmental outcomes [20]. Findings from systematic reviews show that low health literacy is a crucial driver of health disparities [20,21,22,23]. However, most of these findings are drawn from the adult population. There remains less known about the relationship between health literacy and health disparities amongst children.



When examining the relationship between health literacy and health disparity, it is important to operationalise health literacy in a particular context among a specific population, given the complex nature of this concept [24]. In the present study, we defined child health literacy as a child’s ability to find, understand, appraise, and use health information in everyday life and applied it to school settings. In addition, based on Pleasant and McCormack’s recommendations for advancing health literacy measurement [25,26], it is necessary to measure health literacy within a theoretical framework to clarify its conceptual meaning and how it is distinct from other related constructs such as self-efficacy and socioeconomic status [25,26]. Currently, more than 20 theoretical frameworks have been proposed in the field of child health literacy [27]. Here, we used Manganello’s health literacy framework [28] as a guide, which has three main modules: (1) upstream factors that may influence health literacy (e.g., gender, ethnicity, socioeconomic status); (2) the construct of health literacy (functional, interactive and critical); and (3) down-stream health outcomes (e.g., health behaviours, health service use) that result from health literacy. This framework was selected because it was informed by the ecological theory [29] and Nutbeam’s health literacy model [2]. The ecological theory highlights that health literacy is not only an individual’s capability to protect and maintain health but also an interactive outcome with the broader environment [30]. Except for socio-demographics, empirical studies have shown that other intrapersonal, interpersonal and environmental factors are also associated with child health literacy [31,32,33]. Examples of these factors are personal self-efficacy [33], health interests [34], social support [31], and school environment [35], which also influence children’s physical, cognitive, and educational outcomes.



Currently, more than 30 health literacy assessment tools have been developed or used amongst children [36,37,38]. Due to lack of consensus, it makes child health literacy measurement not equivalent and results incomparable across contexts. Findings from previous systematic reviews showed that health literacy was mainly measured based on personal health skills such as communicating and appraising health information by international researchers [37]. However, most child health literacy studies in China rely on knowledge-based and behaviour-based measurement tools [39,40,41,42]. It remains unclear how skills-based health literacy instruments perform in Chinese children. In addition, little is known about the comparison of health literacy assessment tools in a single study and how the variation in measurement impacts the quantification of inequities in health outcomes [26,43]. Comparing the strengths and weaknesses of different health literacy instruments in measuring health inequities can inform researchers to better understand the underlying construct of each measure and how they perform unique roles in health disparities research. To our knowledge, few studies have compared and examined different health literacy assessment tools [44,45,46]. Of these studies, the authors mainly targeted the adult population and focused on investigating whether influencing factors of health literacy were consistent or not using different instruments rather than examining their associations with health outcomes.



To fill the above research gaps, we aimed to investigate the patterning of health literacy by socio-demographic and individual characteristics using multiple assessment tools and quantify the impact of different measurement approaches on developmental outcomes among Chinese children. We proposed two related research questions: (1) Does the association between child health literacy and socio-demographic and individual characteristics differ when using varying health literacy assessment tools? (2) Does the association between child health literacy and developmental outcomes differ when using varying health literacy assessment tools? Findings from the present study will inform study designs regarding which health literacy assessment tools are used in practice, thus contributing to more effective interventions and better health outcomes among school-aged children.




2. Materials and Methods


2.1. Participants and Settings


The current study is part of a PhD research project [15]. A cross-sectional study was designed to recruit children from four secondary schools in Beijing, China, using convenience and clustering sampling. We used a three-stage cluster sample design according to the Chinese Youth Risk Behaviour Survey in Beijing [47,48]. First, two districts were selected according to their socioeconomic levels, one representing high and the other representing low. Second, two schools in each district were selected based on previous research partnerships and appropriate survey timing (class time, class break time or lunchtime). Third, all students in two whole classes (ranging from 20 to 35 students) from each year level (Year 7, 8, or 9) at each school were invited to complete a self-administered questionnaire. Students with severe cognitive, mental and hearing impairments were not included in the analyses. Passive, opt-out consent was obtained from both parents and students. In total, 661 students were invited to participate in the study, with 11 students declining or excluded for analysis- a response rate of 98.3% (650/661). This sample size was considered acceptable for validation studies of health literacy measurement [49] and association studies using more advanced statistical analyses such as path analyses [50]. Data collection was undertaken in November 2015.




2.2. Measures


Based on Manganello’s health literacy framework (35), we designed a questionnaire to measure students’ health literacy, key upstream factors, and developmental outcomes. Further details of each variable are available in Table A1.



2.2.1. Health Literacy Assessment Tools


Three health literacy assessment tools were used to compare whether results are consistent between different measures [26]: the 8-item Health Literacy Assessment Tool (HLAT) [51], the 6-item Newest Vital Sign (NVS) [52], and the 16-item Health Literacy Survey (HLS) [53]. The HLAT and HLS were self-report and three-domain instruments that measured an individual’s ability to access, understand, evaluate, and communicate health information in everyday life [51,53]. In contrast, the NVS was a performance-based and functional measure for reading comprehension and numeracy [52]. These three assessment tools have shown satisfactory or acceptable internal consistency (Cronbach’s alpha = 0.79, 0.54 and 0.82 for HLAT, NVS and HLS, respectively, in our sample) and structural validity among children [54,55,56]. The total score range for each assessment tool was 0–37, 0–6, and 0–16, respectively, with higher scores indicating higher levels of health literacy.




2.2.2. Upstream Factors


Information on a range of upstream factors was collected based on Manganello’s health literacy framework [28]. This included gender (male or female), year level (Year 7, 8 or 9), ethnicity (Han or ethnic minorities), family composition (two parents or lone parent), family socioeconomic status (low, medium or high) measured by the Family Affluence Scale [57], whether had interests in health topics (not interested, not sure, or interested), self-efficacy (continuous, higher scores indicating higher self-efficacy) measured by the 10-item General Self-Efficacy Scale (GSES) [58], social support (continuous, higher scores indicating higher social support) measured by the 12-item Multidimensional Scale of Perceived Social Support (MSPSS) [59], and school environment (continuous, higher scores indicating more positive school environment) measured by the 10-item School Environment Scale (SES) [60].




2.2.3. Developmental Outcomes


Health-promoting behaviours: Health-promoting behaviours were measured by five items derived from the global school-based student health survey [61]. They included: the frequency of breakfast eating (“During the past seven days, how often did you have breakfast?”; 1 = 0 days; 8 = 7 days), teeth brushing (“How often do you brush your teeth?”; 1 = never; 5 = more than once a day), cigarette smoking (“On how many occasions have you smoked cigarettes in the last 30 days?”; 1 = never; 7 = 40 times or more), alcohol drinking (“On how many occasions have you drunk alcohol in the last 30 days?”; 1 = never; 7 = 40 times or more) and physical activity (“During the past seven days, on how many days were you physically active for a total of at least 60 minutes per day?”; 1 = 0 days; 8 = 7 days). A total score of health-promoting behaviours is obtained by reversing the scores on ‘cigarette smoking’ and ‘alcohol drinking’ and then summing scores across all five items. The total score ranged from 5–35, with higher scores indicating more health-promoting behaviours.



Body mass index: Self-reported height and weight were obtained using the questions “How tall do you think you are?” and “How much do you think you weigh?” These two self-reported items are commonly used among children [62]. Body mass index (BMI) was calculated using the following formula: BMI = weight (kg)/height (m)2. Continuous BMI values were used for next-step data analysis, with higher scores indicating a high probability of overweight and obesity.



Global health status: Global 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) [63]. This single question has demonstrated strong predictive validity with objective indicators of health and mortality [64]. Global health status scores ranged from 1 to 5, with higher scores indicating better health status.



Health-related quality of life: Health-related quality of life (HRQoL) was measured by the KIDSCREEN-10 [65], which assesses the health-related quality of life of healthy and chronically ill children aged 8 to 18. Students answered each item on a 5-point Likert scale (1 = not at all/never, 5 = extremely/always). The KIDSCREEN-10 has high internal consistency (Cronbach’s α = 0.79) and strong structural validity (χ2/df = 2.877, CFI = 0.959, RMSEA = 0.055) in our sample. The KIDSCREEN-10 score is obtained by reversing the scores on two items and then summing scores across all ten items. The total score ranged from 10 to 50, with higher scores indicating higher levels of HRQoL.



Health service use: Health service use was assessed using a single item that asked students’ frequency of patient-provider communication over the last 12 months (‘how many times have you raised a question during your doctor’s appointment in the last 12 months?’; 1 = 0 times, 2 = 1–2 times, 3 = 3–5 times, 4 = 6 times or more). This single question has shown satisfactory known-group validity among children [33]. Patient-provider communication scores ranged from 1 to 4, with higher scores indicating more frequency of communication.



Academic performance: Academic performance was self-reported by students using a single item that asked them “think of your marks at school, if putting them all together, where were your marks like last year?” (1 = very poor, 2 = poor, 3 = average, 4 = good, 5 = very good). This single item was derived from the Chinese Youth Risk Behaviour Surveillance Survey and has shown strong predictive validity with children’s health outcomes [66]. Academic performance scores ranged from 1 to 5, with higher scores indicating higher academic achievement.





2.3. Statistical Analysis


Participant characteristics were summarised using descriptive statistics. The distribution of health literacy was examined by socio-demographics and by each health literacy assessment tool. Correlation analysis (Pearson and Spearman correlation analysis) were conducted to examine the associations between health literacy, its upstream factors and developmental outcomes. Next, a series of multivariable linear regression models were conducted to examine associations between health literacy, its upstream factors and developmental outcomes. We obtained unadjusted estimates and those adjusting for covariates. While the p-value is the most commonly used inferential statistic, it is often misunderstood and misinterpreted in the literature [67]. In the main text, we avoided using terms such as “statistically significant” and “non-significant.” Instead, we reported all statistical results using the estimate and its 95% confidence interval. When interpreting the findings, we avoided dichotomising the results but reported the magnitude of associations.




2.4. Missing Data


The analytic sample consisted of those who had at least one developmental outcome (n = 650). The proportion of students with complete data was 85.2% in our sample. The percentage of missing data ranged from 0.2% to 8.2% across all study variables (Table A2). Multiple imputation by chained equations was conducted to handle missing values for all study variables under the missing at random assumption [68]. We imputed continuous variables using linear regression models and binary variables using logistic regression models. The imputation model included all study variables. Twenty imputed data sets were created, with pooled results combined using Rubin’s rules [69]. Descriptive results are shown using observed data, and association results are shown using multiply imputed data. All analyses were conducted using Stata 17.0 [70].





3. Results


3.1. Sample Characteristics


In our sample, the mean age of participants was 13.42 (range: 11–17 years), with a standard deviation of 1.01. Students’ gender and year level were evenly distributed. Most students were from Han families (94.9%) and two-parent families (88.1%). Almost one quarter (27.7%) of students came from low-affluence families and one quarter (26.0%) from high-affluence families. The distributions of health literacy, self-efficacy, social support, school environment, and each outcome in the overall sample are shown in Table 1.




3.2. Distribution of Health Literacy by Socio-Demographics and Individual Characteristics


The observed distribution of health literacy was examined according to each socio-demographic variable (Table A3). Standardised estimates and 95% confidence intervals are shown by each health literacy assessment tool (Figure 1). Overall, there was no clear difference in health literacy by gender, no matter which health literacy assessment tool was used. In terms of year level, students from Year 8 on average tended to have higher levels of health literacy than those from Year 7 and Year 9. As for ethnicity, children from ethnic minority families and lone-parent families were more likely to have lower health literacy scores than their peers from Han and two-parent families when HLAT and HLS were used to measure health literacy, but the confidence intervals were wide. No matter which approach was used to measure health literacy, children from high-affluence families and those who were interested in health topics had higher health literacy scores than their counterparts from low-affluence families and those who did not have health interests.




3.3. Association between Health Literacy and Its Upstream Factors


Correlation analysis showed that health literacy scores measured by HLAT, NVS and HLS were positively correlated with health interest, self-efficacy, social support and school environment (r = 0.10–0.44, p < 0.05) (Table 2). Overall, the association between health literacy and its upstream factors varied by each health literacy assessment tool and each upstream factor, after adjusting for all potential confounders (Figure 2, Figure 3 and Figure 4). There was no clear difference in health literacy scores by gender. A small association between health literacy and year level was observed when using NVS and HLS, with children from higher year levels having higher health literacy. Children from ethnic minority families had lower levels of health literacy when using HLS. Hypothesised differences in health literacy were observed between children from long-parent and two-parent families when using HLAT and NVS, but confidence intervals were wide. The association between health literacy and socioeconomic status was in the expected direction when using HLS. There was consistent evidence for the expected association between health literacy and health interest, self-efficacy, social support, and school environment, no matter which health literacy assessment tool was used. Further details are available in Table A4.




3.4. Association between Health Literacy and Developmental Outcomes


Correlation analysis showed that students’ health literacy was positively correlated with most developmental outcomes except BMI (r = 0.11–0.35, p < 0.05) (Table 2). Figure 5 shows the association between health literacy and each developmental outcome by each health literacy assessment tool. In the unadjusted models, children with higher levels of health literacy were more likely to have more health-promoting behaviours, lower BMI, more frequent patient-provider communication, better health status, higher ratings of HRQoL, and higher levels of academic performance. The magnitude of associations varied by the approach to measuring health literacy. When adjusting for all confounders, we found that the effect sizes of all associations were attenuated. Overall, small associations were observed between health literacy and health-promoting behaviours, patient-provider communication, global health status, and academic performance when using HLAT. While associations between health literacy and developmental outcomes (i.e., health-promoting behaviours, BMI, patient-provider communication, HRQoL, and academic performance) were in the expected direction when using NVS, the confidence intervals were wide. Hypothesised differences in health-promoting behaviours, BMI, HRQoL, and academic performance were observed when using HLS. Further details of these results are available in Table A5.





4. Discussion


4.1. Summary of Key Findings


The present study used multiple health literacy assessment tools to investigate the patterning of health literacy by socio-demographic and individual characteristics and quantify the impact of different measurement approaches on developmental outcomes among Chinese secondary school students. Confirmed with previous findings [14,19,71,72,73,74], we found that health literacy was associated with a range of upstream factors and developmental outcomes in children, no matter which approach was used to measure health literacy. Different health literacy assessment tools provide varying specificity for quantifying population socio-demographics, individual characteristics, and developmental outcomes. Overall, inequities in health literacy and developmental outcomes appeared to be more prominent when using comprehensive assessment tools, such as HLAT and HLS.



Corresponding to our first research question, we found that variation in health literacy measurement resulted in differing associations with sociodemographics and individual characteristics. With regard to gender, the distribution of health literacy was similar between boys and girls. While differences in health literacy have been observed by gender in previous studies [40,46,75], the authors used knowledge-based, behaviour-based or functional domain tools to measure health literacy. In another two recent studies using skills-based health literacy instruments, Fretian et al. [19] and Paakkari et al. [72] did not find differences in health literacy by gender either. Possible reasons for our findings are that differential health literacy assessment tools may influence the conclusion, and gender-related health literacy differences may emerge later. In terms of year level, we found children from Year 8 had the highest health literacy scores than their peers from Year 7 and Year 9, no matter which health literacy instrument was used. While previous studies showed that the levels of health literacy increased as a child grew [72,76], children in Year 9 with the oldest age did not have the highest health literacy scores. One potential reason is that, due to high levels of academic stress in Year 9 [77], children are likely to pay more attention to academic performance than health literacy. When examining inequities in health literacy by ethnicity, we found that children from ethnic minority families showed lower levels of health literacy scores on HLS than those from Han families, but not on HLAT and NVS. This finding is similar to previous studies that showed differences in the association between race/ethnicity and multiple health literacy assessment tools among adults [44,46]. The underlying explanation might be that HLS is a more comprehensive assessment tool than HLAT and NVS, which measures health literacy not only within three domains (functional, interactive and critical) but also across three dimensions (health care, disease prevention, and health promotion) [53]. Therefore, it may better capture all aspects of a child’s health literacy. This is also the case when examining our sample’s socioeconomic inequities in health literacy. Differences in health literacy scores on HLAT and HLS were observed by family composition but not on NVS. The NVS is a performance-based measure focusing on literacy and numeracy [56], thus probably not comprehensively reflecting a child’s health literacy. Aligning with findings from previous studies [19,76], we also found health literacy inequities exist for other individual characteristics such as health interest, self-efficacy and social support. Children with higher levels of health interest, self-efficacy, and social support and those who felt a more positive school environment had higher health literacy scores on HLAT and HLS. Overall, consistent with the policy statement and empirical findings [12,21,22,78] among adults, health literacy was found as a critical driver of health equity in children. All these findings suggest that HLAT and HLS may better capture a child’s health literacy than NVS. In response to addressing health literacy inequities [18,79,80], intervening on upstream determinants of health is worthwhile through strategies, such as cash transfers to low-income families and improving personal self-efficacy skills in school-aged children.



With regards to our second research question, this study extends current understanding of the association between child health literacy and a range of developmental outcomes using multiple health literacy assessment tools [44,45,46]. Consistent with previous findings [14,71,72,74,81,82], we found that high health literacy in children was associated with a series of positive outcomes, including more health-promoting behaviours, lower BMI, frequent patient-provider communication, better health status, higher HRQoL, and higher academic performance. However, the magnitude of associations varied by each health literacy assessment tool. For example, health literacy scores on HLAT were more related to health-promoting behaviours, patient-provider communication, global health status, and academic performance. In contrast, health literacy scores on NVS had larger effects on BMI, health-related quality of life and academic performance. This again might be due to the nature of each health literacy assessment tool. NVS focuses on functional health literacy measurement, which is more positively correlated with children’s academic performance [56] and HRQoL [83] but negatively with BMI [84]. Findings from the present study are helpful for researchers to ascertain which health literacy measures to select when evaluating an intervention’s effectiveness by a specific outcome indicator. Meanwhile, findings will also inform intervention strategies and contents for school-based interventions that aim to improve health literacy and other health outcomes. If a school-based intervention program focuses on health behaviours as outcome indicators, health literacy interventions need to focus on not only communication of knowledge, but also teaching children personal skills and empowerment to protect and maintain good health [85].




4.2. Strengths and Limitations


Compared with previous similar studies [51,52,53], we used both objective and subjective health literacy assessment tools and focused on more than functional assessment. In addition, we used Manganello’s health literacy framework as a conceptual guide to enhancing the rigour, transparency, and clarity of the current study. However, there are several limitations. First, this study only used cross-sectional data to examine inequities in health literacy and developmental outcomes simultaneously. Longitudinal cohort studies are needed in future to replicate our findings. Second, convenience sampling may limit the generalizability of our findings. We recruited students from four secondary schools in a metropolitan city where the ability of children to access good education might be much higher than the general population. Future studies are recommended to recruit children from a broader range of socio-demographic backgrounds. Third, self-report bias may exist for subjective health literacy and other measurement scales such as BMI and health status. However, we used well-established and valid instruments in the present study to minimise the extent of such bias. Despite these limitations, the present study adds significant value to examining health literacy inequities and informing opportunities to reduce these inequities.




4.3. Implications and Future Directions


According to Nutbeam’s health promotion model [2], improving health literacy is an integral part of improving population health and reducing health inequities. However, low health literacy should not be treated as an individual deficit. As shown in our study, a child’s health literacy is influenced by not only socio-demographic and individual characteristics but also social connections and contexts. These insights into health literacy inequities align with the whole-school approach [86,87], highlighting the necessity of considering multi-level interventions and collaborations between families, schools and communities. For example, the HealthLit4Kids program utilises a holistic approach to improving health literacy [88], with a focus on increasing equity in health outcomes for children with varying health literacy needs.



Empirical research suggests upstream factors of health literacy may interact with each other and play different roles in child health literacy [89,90]. For example, family socioeconomic status has been found as a moderator in the relationship between health literacy and health outcomes such as health behaviours and health service use in the Irish population [90]. Future research may consider examining and comparing the magnitude of associations between health literacy and developmental outcomes within different levels of socio-demographic and individual characteristics (e.g., gender, ethnicity, social support) in children. While improving health literacy may reduce inequities in health and developmental outcomes amongst all children, it may have a more marked impact among some subgroups of children (e.g., low socioeconomic status). Interventions that target disadvantaged children, such as those from low socioeconomic status backgrounds, have shown promising health outcomes, including improved health literacy and health outcomes [91]. These findings will further inform the design of school-based intervention programs and contribute to their efficiency and effectiveness.





5. Conclusions


We found that inequities in health literacy and developmental outcomes already exist in late childhood. Different approaches to health literacy measurement may result in different quantification of inequities in health literacy and developmental outcomes among school-aged children. Using multidimensional and comprehensive assessment tools may better capture a child’s health literacy and contribute to the maximum efficiency and effectiveness of school-based health literacy interventions. When designing health literacy interventions that aim to reduce health inequities, researchers need to consider the specificity of health literacy assessment tools and outcome indicators.
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Table A1. Measurement of key upstream factors, health literacy and developmental outcomes.






Table A1. Measurement of key upstream factors, health literacy and developmental outcomes.





	
Construct

	
Measure

	
Example Item

	
Scoring

	
Coding

	
α




	
Upstream factors






	
Gender

	
A single-item measurement of students’ sex

	
Are you male or female?

	
Gender was self-reported by students themselves.

	
Binary: male; female

	
-




	
Year level

	
A single-item measurement of students’ year level

	
What Year level are you in at school?

	
Year level was self-reported by students themselves.

	
Categorical: Year 7; Year 8; Year 9

	
-




	
Ethnicity

	
A single-item measurement of students’ ethnicity

	
What is your ethnicity?

	
Ethnicity was self-reported by students themselves.

	
Binary: Han; ethnic minorities

	
-




	
Family composition

	
A single-item measurement of students’ family structure

	
Think of where you live most of the time. Who usually lives there with you?

	
Family structure was self-reported by students themselves. Intact families were defined as those in which participants indicated residing in a household with both biological parents, whereas other types of families were defined as those in which participants indicated residing in a household with either one of their parents, foster parents, step parents, a relative or who were living in a shared care institution.

	
Binary: Intact; other types

	
-




	
Family socioeconomic status

	
The 4-item Family Affluence Scale (FAS)

	
Do you have your own bedroom for yourself?

	
Students self-reported family affluence in terms of the number(s) of cars, computers, bedrooms and family holidays. The FAS total score range was 0–7.

	
Ordinal: low (0–3); medium (4–5); and high (6–7)

	
-




	
Health interest

	
A single-item measurement of students’ interest in health topics

	
How interested are you in learning about health?

	
Students self-reported interests in health topics.

	
Ordinal: not interested; not sure; interested

	
-




	
Self-efficacy

	
The 10-item General Self-Efficacy Scale (GSES)

	
I can always manage to solve difficult problems if I try hard enough.

	
Students self-reported personal belief in the ability to cope with a variety of challenges in life. The GSES total score range was 10–40.

	
Continuous

	
0.89




	
Social support

	
The 12-item Multidimensional Scale of Perceived Social Support (MSPSS)

	
My family really tries to help me.

	
Students self-reported support from family, friends and significant others. The MSPSS total score range was 12–84.

	
Continuous

	
0.93




	
School environment

	
The 10-item School Environment Scale (SES)

	
I feel safe at my school.

	
Students self-reported feelings about opportunities and rewards for pro-social involvement at school. The SES total score range was 10–40.

	
Continuous

	
0.88




	
Health literacy




	
Health literacy

	
The 8-item Health Literacy Assessment Tool (HLAT-8)

	
When I have questions on diseases or health problems (e.g., headache, back pain, sport injury), I know where I can find information on these issues.

	
Students self-reported their ability to access, understand, evaluate, and communicate health information in everyday life. The HLAT total score range was 0–37.

	
Continuous

	
0.79




	
The 6-item Newest Vital Sign (NVS)

	
How many calories (Cal) will you consume if you ate the whole package of ice-cream?

	
Students completed a performance-based measure for reading comprehension and numeracy. The NVS total score range was 0–6.

	
Continuous

	
0.54




	
The 16-item Health Literacy Survey (HLS)

	
On a scale from very easy to very difficult, how easy would you say it is to find information on treatments of illnesses that concern you?

	
Students self-reported their ability to access, understand, evaluate, and communicate health information in everyday life. The HLS total score range was 0–16.

	
Continuous

	
0.82




	
Developmental outcomes




	
Health-promoting behaviours

	
Five-item health behaviours

	
During the past 7 days, how often did you have breakfast?

	
Students self-reported five items derived from the global school-based student health survey, including breakfast eating, teeth brushing, cigarette smoking, alcohol drinking and physical activity.

	
Continuous

	
-




	
Body mass index

	
Two-item measurement of height and weight

	
How tall do you think you are?

	
Students self-reported their height and weight. Body mass index (BMI) was calculated using the following formula: BMI = weight (kg)/height (m)2.

	
Continuous

	
-




	
Global health status

	
A single-item measurement of students’ health status

	
In general, would you say your health is?

	
Global health status was self-reported by students themselves.

	
Ordinal: fair or poor; good; excellent or very good

	
-




	
Health-related quality of life

	
The 10-item KIDSCREEN-10

	
Have you felt fit and well?

	
Students self-reported their health-related quality of life in the last week.

	
Continous

	
0.79




	
Health service use

	
A single-item measurement of students’ patient-provider communication

	
How many times have you raised a question during your doctor’s appointment in the last 12 months?

	
Students self-reported their frequency of patient-provider communication over the last 12 months.

	
Continuous

	
-




	
Academic performance

	
A single-item measurement of students’ academic performance

	
Think of your marks at school, if putting them all together, where were your marks like last year?

	
Students self-reported their academic performance in the last year.

	
Continuous

	
-
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Table A2. Missing data across key study variables (n = 650).






Table A2. Missing data across key study variables (n = 650).





	Variable
	Frequency (%)





	Gender
	0



	Year level
	0



	Ethnicity
	0



	Family composition
	1 (0.2)



	Socioeconomic status
	0



	Health interest
	0



	Self-efficacy
	6 (0.9)



	Social support
	6 (0.9)



	School environment
	6 (0.9)



	HLAT
	1 (0.2)



	NVS
	17 (2.6)



	HLS
	50 (7.7)



	Health-promoting behaviours
	1 (0.2)



	Body mass index
	23 (3.5)



	Patient-provider communication
	26 (4.0)



	Global health status
	0



	Health-related quality of life
	0



	Academic performance
	2 (0.3)







HLAT, Health Literacy Assessment Tool; HLS, Health Literacy Survey; NVS, Newest Vital Sign.
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Table A3. Distribution of health literacy by socio-demographic and individual characteristics.






Table A3. Distribution of health literacy by socio-demographic and individual characteristics.





	
Variable

	
HLAT

	
NVS

	
HLS




	
Mean (±SD)

	
Mean (±SD)

	
Mean (±SD)






	
Gender

	

	

	




	
 Male

	
26.36 (6.14)

	
3.61 (1.69)

	
13.75 (3.03)




	
 Female

	
26.31 (5.57)

	
3.68 (1.57)

	
13.67 (2.82)




	
Year

	

	

	




	
 Year 7

	
26.78 (5.75)

	
3.50 (1.61)

	
13.70 (2.79)




	
 Year 8

	
26.51 (5.39)

	
3.74 (1.59)

	
13.83 (2.93)




	
 Year 9

	
25.65 (6.48)

	
3.69 (1.71)

	
13.62 (3.12)




	
Ethnicity

	

	

	




	
 Han

	
26.34 (5.89)

	
3.64 (1.63)

	
13.81 (2.83)




	
 Ethnic minority

	
26.27 (5.96)

	
3.60 (1.73)

	
11.97 (4.21)




	
Family composition

	

	

	




	
 Lone parent

	
25.99 (6.79)

	
3.78 (1.62)

	
13.18 (3.23)




	
 Two parents

	
26.38 (5.76)

	
3.63 (1.64)

	
13.78 (2.90)




	
Socioeconomic status

	

	

	




	
 Low

	
25.15 (5.79)

	
3.61 (1.66)

	
12.89 (3.44)




	
 Medium

	
26.70 (5.90)

	
3.67 (1.63)

	
14.00 (2.75)




	
 High

	
26.96 (5.82)

	
3.63 (1.64)

	
14.12 (2.47)




	
Health interest

	

	

	




	
 Not interested

	
22.01 (7.16)

	
3.27 (1.73)

	
12.51 (3.52)




	
 Not sure

	
24.13 (5.85)

	
3.30 (1.68)

	
13.09 (3.47)




	
 Interested

	
27.52 (5.12)

	
3.76 (1.60)

	
14.04 (2.65)








HLAT, Health Literacy Assessment Tool; HLS, Health Literacy Survey; NVS, Newest Vital Sign; SD, Standard Deviation.
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Table A4. Associations between health literacy and its upstream factors.
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HLAT

	
NVS

	
HLS




	
Unadjusted β (95% CI)

	
Adjusted β (95% CI)

	
Unadjusted β (95% CI)

	
Adjusted β (95% CI)

	
Unadjusted β (95% CI)

	
Adjusted β (95% CI)






	
Gender

	
−0.04

(−0.95, 0.88)

	
0.09

(−0.71, 0.88)

	
0.06

(−0.2, 0.32)

	
0.06

(−0.2, 0.32)

	
−0.05

(−0.53, 0.42)

	
−0.06

(−0.49, 0.38)




	
Year level

	
−0.56

(−1.11, 0.00)

	
−0.02

(−0.50, 0.47)

	
0.08

(−0.08, 0.24)

	
0.12

(−0.03, 0.28)

	
−0.06

(−0.35, 0.22)

	
0.13

(−0.13, 0.38)




	
Ethnicity

	
−0.06

(−2.12, 2.01)

	
0.52

(−1.26, 2.31)

	
−0.16

(−0.78, 0.45)

	
−0.13

(−0.73, 0.48)

	
−2.02

(−3.08, −0.97)

	
−1.86

(−2.84, −0.89)




	
Family composition

	
0.38

(−1.02, 1.79)

	
−0.24

(−1.46, 0.98)

	
−0.09

(−0.50, 0.31)

	
−0.15

(−0.56, 0.25)

	
0.58

(−0.14, 1.3)

	
0.11

(−0.56, 0.78)




	
Socioeconomic status

	
0.89

(0.28, 1.51)

	
0.10

(−0.45, 0.65)

	
0.01

(−0.16, 0.19)

	
−0.05

(−0.23, 0.13)

	
0.65

(0.33, 0.97)

	
0.35

(0.05, 0.65)




	
Health interest

	
2.86

(2.27, 3.46)

	
1.96

(1.39, 2.53)

	
0.30

(0.12, 0.48)

	
0.23

(0.04, 0.42)

	
0.84

(0.51, 1.17)

	
0.42

(0.11, 0.73)




	
Self-efficacy

	
0.29

(0.22, 0.36)

	
0.10

(0.02, 0.17)

	
0.02

(0.00, 0.04)

	
0.00

(−0.02, 0.02)

	
0.10

(0.06, 0.14)

	
0.01

(−0.03, 0.05)




	
Social support

	
0.15

(0.12, 0.18)

	
0.07

(0.03, 0.10)

	
0.01

(0.01, 0.02)

	
0.01

(0.00, 0.02)

	
0.07

(0.05, 0.09)

	
0.04

(0.03, 0.06)




	
School environment

	
0.44

(0.37, 0.52)

	
0.23

(0.13, 0.32)

	
0.04

(0.01, 0.06)

	
0.02

(−0.01, 0.05)

	
0.17

(0.13, 0.22)

	
0.08

(0.03, 0.13)








CI, Confidence Interval; HLAT, Health Literacy Assessment Tool; HLS, Health Literacy Survey; NVS, Newest Vital Sign. Adjusted confounders were gender, year level, ethnicity, family composition, family socioeconomic status, health interest, self-efficacy, social support, and school environment.
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Table A5. Association between health literacy and developmental outcomes.
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Health-Promoting Behaviours

	
Body Mass Index

	
Patient-Provider Communication




	
Unadjusted β (95% CI)

	
Adjusted β (95% CI)

	
Unadjusted β (95% CI)

	
Adjusted β (95% CI)

	
Unadjusted β (95% CI)

	
Adjusted β (95% CI)






	
HLAT

	
0.16

(0.12, 0.21)

	
0.05

(0.00, 0.11)

	
−0.03

(−0.10, 0.04)

	
0.00

(−0.08, 0.08)

	
0.02

(0.01, 0.03)

	
0.01

(0.00, 0.03)




	
NVS

	
0.20

(0.03, 0.37)

	
0.08

(−0.08, 0.24)

	
−0.11

(−0.36, 0.13)

	
−0.06

(−0.31, 0.18)

	
0.02

(−0.02, 0.06)

	
0.01

(−0.03, 0.05)




	
HLS

	
0.34

(0.25, 0.44)

	
0.18

(0.08, 0.28)

	
−0.09

(−0.22, 0.05)

	
−0.06

(−0.21, 0.10)

	
0.02

(0, 0.04)

	
0.00

(−0.02, 0.02)




	

	
Global Health Status

	
Health-Related Quality of Life

	
Academic Performance




	
Unadjusted β (95% CI)

	
Adjusted β (95% CI)

	
Unadjusted β (95% CI)

	
Adjusted β (95% CI)

	
Unadjusted β (95% CI)

	
Adjusted β (95% CI)




	
HLAT

	
0.04

(0.03, 0.05)

	
0.02

(0.00, 0.03)

	
0.28

(0.21, 0.35)

	
−0.02

(−0.09, 0.05)

	
0.04

(0.03, 0.06)

	
0.02

(0.01, 0.04)




	
NVS

	
0.01

(−0.04, 0.06)

	
−0.01

(−0.06, 0.03)

	
0.50

(0.23, 0.77)

	
0.19

(−0.03, 0.40)

	
0.28

(0.23, 0.33)

	
0.26

(0.21, 0.31)




	
HLS

	
0.04

(0.01, 0.07)

	
0.00

(−0.03, 0.03)

	
0.58

(0.43, 0.73)

	
0.07

(−0.06, 0.20)

	
0.07

(0.04, 0.10)

	
0.03

(0.00, 0.07)








CI, Confidence Interval; HLAT, Health Literacy Assessment Tool; HLS, Health Literacy Survey; NVS, Newest Vital Sign. Note: HLAT & NVS & HLS: Higher values indicate higher health literacy. Adjusted confounders were gender, year level, ethnicity, family composition, family socioeconomic status, health interest, self-efficacy, social support, and school environment.













References


	



Sørensen, K.; Van den Broucke, S.; Fullam, J.; Doyle, G.; Pelikan, J.; Slonska, Z.; Brand, H. Health literacy and public health: A systematic review and integration of definitions and models. BMC Public Health 2012, 12, 80. [Google Scholar] [CrossRef] [PubMed]

	



Nutbeam, D. Health literacy as a public health goal: A challenge for contemporary health education and communication strategies into the 21st century. Health Promot. Int. 2000, 15, 259–267. [Google Scholar] [CrossRef]

	



Paakkari, L.; Okan, O. COVID-19: Health literacy is an underestimated problem. Lancet Public Health 2020, 5, e249–e250. [Google Scholar] [CrossRef]

	



Sentell, T.; Vamos, S.; Okan, O. Interdisciplinary Perspectives on Health Literacy Research Around the World: More Important Than Ever in a Time of COVID-19; Multidisciplinary Digital Publishing Institute: Basel, Switzerland, 2020. [Google Scholar]

	



Habersaat, K.B.; Betsch, C.; Danchin, M.; Sunstein, C.R.; Böhm, R.; Falk, A.; Brewer, N.T.; Omer, S.B.; Scherzer, M.; Sah, S. Ten considerations for effectively managing the COVID-19 transition. Nat. Hum. Behav. 2020, 4, 677–687. [Google Scholar] [CrossRef]

	



Rajah, R.; Hassali, M.A.A.; Murugiah, M.K. A systematic review of the prevalence of limited health literacy in Southeast Asian countries. Public Health 2019, 167, 8–15. [Google Scholar] [CrossRef]

	



Sørensen, K.; Pelikan, J.M.; Röthlin, F.; Ganahl, K.; Slonska, Z.; Doyle, G.; Fullam, J.; Kondilis, B.; Agrafiotis, D.; Uiters, E. Health literacy in Europe: Comparative results of the European health literacy survey (HLS-EU). Eur. J. Public Health 2015, 25, 1053–1058. [Google Scholar] [CrossRef]

	



The Lancet Child Adolescent Health. Universal health coverage and the forgotten generation. Lancet Child Adolesc. Health 2019, 3, 749. [Google Scholar] [CrossRef]

	



Berkman, N.D.; Sheridan, S.L.; Donahue, K.E.; Halpern, D.J.; Crotty, K. Low health literacy and health outcomes: An updated systematic review. Ann. Intern. Med. 2011, 155, 97–107. [Google Scholar] [CrossRef]

	



Kasemsap, K. Challenges and implications of health literacy in global health care. In Advanced Methodologies and Technologies in Medicine and Healthcare; IGI Global: Pennsylvania, PA, USA, 2019; pp. 185–197. [Google Scholar]

	



World Health Organisation. Shanghai Declaration on Promoting Health in the 2030 Agenda for Sustainable Development; WHO: Geneva, Switzerland, 2016. [Google Scholar]

	



Pleasant, A.; O’Leary, C.; Carmona, R. Health Literacy: Global Advances with a Focus Upon the Shanghai Declaration on Promoting Health in the 2030 Agenda for Sustainable Development. Stud. Health Technol. Inform. 2020, 269, 481–496. [Google Scholar] [CrossRef]

	



Bröder, J.; Okan, O.; Bauer, U.; Schlupp, S.; Pinheiro, P. Advancing perspectives on health literacy in childhood and youth. Health Promot. Int. 2020, 35, 575–585. [Google Scholar] [CrossRef]

	



Sansom-Daly, U.M.; Lin, M.; Robertson, E.G.; Wakefield, C.E.; McGill, B.C.; Girgis, A.; Cohn, R.J. Health literacy in adolescents and young adults: An updated review. J. Adolesc. Young Adult Oncol. 2016, 5, 106–118. [Google Scholar] [CrossRef]

	



Guo, S. Understanding and Measuring Health Literacy among Secondary Students in Beijing and Melbourne. Ph.D. Thesis, The University of Melbourne, Melbourne, Australia, 2018. [Google Scholar]

	



Heckman, J.; Masterov, D. The productivity argument for investing in young children. Rev. Agric. Econ. 2007, 29, 446–493. [Google Scholar] [CrossRef]

	



Guo, S.; Yu, X.; Okan, O. Moving health literacy research and practice towards a vision of equity, precision and transparency. Int. J. Environ. Res. Public Health 2020, 17, 7650. [Google Scholar] [CrossRef]

	



Nutbeam, D.; Lloyd, J.E. Understanding and Responding to Health Literacy as a Social Determinant of Health. Annu. Rev. Public Health 2021, 42, 159–173. [Google Scholar] [CrossRef]

	



Fretian, A.; Bollweg, T.M.; Okan, O.; Pinheiro, P.; Bauer, U. Exploring Associated Factors of Subjective Health Literacy in School-Aged Children. Int. J. Environ. Res. Public Health 2020, 17, 1720. [Google Scholar] [CrossRef]

	



Stormacq, C.; Van den Broucke, S.; Wosinski, J. Does health literacy mediate the relationship between socioeconomic status and health disparities? Integrative review. Health Promot. Int. 2019, 34, e1–e17. [Google Scholar] [CrossRef]

	



Mantwill, S.; Monestel-Umaña, S.; Schulz, P.J. The relationship between health literacy and health disparities: A systematic review. PLoS ONE 2015, 10, e0145455. [Google Scholar] [CrossRef]

	



Schillinger, D. The Intersections between social determinants of health, health literacy, and health disparities. Stud. Health Technol. Inform. 2020, 269, 22–41. [Google Scholar]

	



Smith, J.A.; Griffiths, K.; Nash, R.; Elmer, S.; Ireland, S.; Wright, C.J.C.; Gupta, H. Equity and health literacy: Using emerging evidence to inform the development of the National Preventive Health Strategy. Health Promot. J. Aust. 2021, 32, 3–4. [Google Scholar] [CrossRef]

	



Nutbeam, D.; Levin-Zamir, D.; Rowlands, G. Health Literacy and Health Promotion in Context; SAGE Publications Sage UK: London, UK, 2018. [Google Scholar]

	



Pleasant, A.; McKinney, J.; Rikard, R.V. Health Literacy Measurement: A Proposed Research Agenda. J. Health Commun. 2011, 16, 11–21. [Google Scholar] [CrossRef]

	



McCormack, L.; Haun, J.; Sørensen, K.; Valerio, M. Recommendations for Advancing Health Literacy Measurement. J. Health Commun. 2013, 18, 9–14. [Google Scholar] [CrossRef]

	



Bröder, J.; Okan, O.; Bauer, U.; Bruland, D.; Schlupp, S.; Bollweg, T.M.; Saboga-Nunes, L.; Bond, E.; Sørensen, K.; Bitzer, E.-M. Health literacy in childhood and youth: A systematic review of definitions and models. BMC Public Health 2017, 17, 361. [Google Scholar]

	



Manganello, J.A. Health literacy and adolescents: A framework and agenda for future research. Health Educ. Res. 2008, 23, 840–847. [Google Scholar] [CrossRef]

	



Bronfenbrenner, U. Toward an experimental ecology of human development. Am. Psychol. 1977, 32, 513–531. [Google Scholar] [CrossRef]

	



Higgins, J.W.; Begoray, D.; MacDonald, M. A Social Ecological Conceptual Framework for Understanding Adolescent Health Literacy in the Health Education Classroom. Am. J. Commun. Psychol. 2009, 44, 350–362. [Google Scholar] [CrossRef]

	



Guo, S.; Naccarella, L.; Yu, X.; Armstrong, R.; Browne, G.; Shi, Y.; Davis, E. Health literacy and its mediating role in predicting health behaviors among Chinese secondary students. Asia Pac J. Public Health 2021, 33, 76–83. [Google Scholar] [CrossRef]

	



Guo, S.; Yu, X.; Davis, E.; Armstrong, R.; Naccarella, L. Health literacy: An interactive outcome among secondary students in Beijing. Health Lit. Res. Pract. 2021, 5, e1–e14. [Google Scholar] [CrossRef]

	



Guo, S.; Yu, X.; Davis, E.; Armstrong, R.; Riggs, E.; Naccarella, L. Adolescent Health Literacy in Beijing and Melbourne: A Cross-Cultural Comparison. Int. J. Environ. Res. Public Health 2020, 17, 1242. [Google Scholar] [CrossRef]

	



Brown, S.L.; Teufel, J.A.; Birch, D.A. Early Adolescents Perceptions of Health and Health Literacy. J. Sch. Health 2007, 77, 7–15. [Google Scholar] [CrossRef]

	



Olyani, S.; Gholian Aval, M.; Tehrani, H.; Mahdiadeh, M. School-based mental health literacy educational interventions in adolescents: A systematic review. J. Health Lit. 2021, 6, 69–77. [Google Scholar]

	



Okan, O.; Lopes, E.; Bollweg, T.M.; Bröder, J.; Messer, M.; Bruland, D.; Bond, E.; Carvalho, G.S.; Sørensen, K.; Saboga-Nunes, L.J.B.P.H. Generic health literacy measurement instruments for children and adolescents: A systematic review of the literature. BMC Public Health 2018, 18, 166. [Google Scholar] [CrossRef] [PubMed]

	



Guo, S.; Armstrong, R.; Waters, E.; Sathish, T.; Alif, S.M.; Browne, G.R.; Yu, X. Quality of health literacy instruments used in children and adolescents: A systematic review. BMJ Open 2018, 8, e020080. [Google Scholar] [CrossRef] [PubMed]

	



Abdillah, I.L.; Lusmilasari, L.; Hartini, S. Instruments to Measure Health Literacy among Children: A Scoping Review. Jurnal Promosi Kesehatan Indonesia 2021, 16, 79–87. [Google Scholar] [CrossRef]

	



Zhang, S.-c.; Li, D.-l.; Yang, R.; Wan, Y.-h.; Tao, F.-b.; Fang, J. The association between health literacy and psychosomatic symptoms of adolescents in China: A cross-sectional study. BMC Public Health 2019, 19, 1259. [Google Scholar] [CrossRef]

	



Yu, X.; Yang, T.; Wang, S.; Zhang, X. Study on student health literacy gained through health education in elementary and middle schools in China. Health Educ. J. 2012, 71, 452–460. [Google Scholar] [CrossRef]

	



Ye, X.-H.; Yang, Y.; Gao, Y.-H.; Chen, S.-D.; Xu, Y. Status and determinants of health literacy among adolescents in Guangdong, China. Asian Pac. J. Cancer Prev. APJCP 2014, 15, 8735–8740. [Google Scholar] [CrossRef]

	



Mao, Y.; Xie, T.; Zhang, N. Chinese Students’ Health Literacy Level and Its Associated Factors: A Meta-Analysis. Int. J. Environ. Res. Public Health 2021, 18, 204. [Google Scholar] [CrossRef]

	



Guo, S.; Davis, E.; Armstrong, R.; Yu, X.; Naccarella, L. A pilot study of adolescent health literacy research in Melbourne: Implementation and reflections. Health Promot. J. Aust. 2020, 32, 128–132. [Google Scholar] [CrossRef]

	



Ilaka, O. A Comparison of Health Literacy Measurement Tools for a Sample of College Students; University at Albany, State University of New York: Albany, NY, USA, 2018. [Google Scholar]

	



Shigaki, C.L.; Kruse, R.L.; Mehr, D.R.; Ge, B. The REALM vs. NVS: A comparison of health literacy measuRes. in patients with diabetes. Ann. Behav. Sci. Med. Educ. 2012, 18, 9–13. [Google Scholar] [CrossRef]

	



Barber, M.N.; Staples, M.; Osborne, R.H.; Clerehan, R.; Elder, C.; Buchbinder, R. Up to a quarter of the Australian population may have suboptimal health literacy depending upon the measurement tool: Results from a population-based survey. Health Promot. Int. 2009, 24, 252–261. [Google Scholar] [CrossRef]

	



Chinese National SSCH Association. Chinese National Survey on Student’s Constitution and Health; China College and University Press: Beijing, China, 2002. [Google Scholar]

	



Song, Y.; Ji, C.-Y. Sexual intercourse and high-risk sexual behaviours among a national sample of urban adolescents in China. J. Public Health 2010, 32, 312–321. [Google Scholar] [CrossRef]

	



Charter, R.A. Sample size requirements for precise estimates of reliability, generalizability, and validity coefficients. J. Clin. Exp. Neuropsychol. 1999, 21, 559–566. [Google Scholar] [CrossRef]

	



Golob, T.F. Structural equation modeling for travel behavior research. Transp. Res. B Meth 2003, 37, 1–25. [Google Scholar] [CrossRef]

	



Abel, T.; Hofmann, K.; Ackermann, S.; Bucher, S.; Sakarya, S. Health literacy among young adults: A short survey tool for public health and health promotion research. Health Promot. Int. 2015, 30, 725–735. [Google Scholar] [CrossRef]

	



Weiss, B.D.; Mays, M.Z.; Martz, W.; Castro, K.M.; DeWalt, D.A.; Pignone, M.P.; Mockbee, J.; Hale, F.A. Quick assessment of literacy in primary care: The newest vital sign. Ann. Fam. Med. 2005, 3, 514–522. [Google Scholar] [CrossRef]

	



Rouquette, A.; Nadot, T.; Labitrie, P.; Van den Broucke, S.; Mancini, J.; Rigal, L.; Ringa, V. Validity and measurement invariance across sex, age, and education level of the French short versions of the European Health Literacy Survey Questionnaire. PLoS ONE 2018, 13, e0208091. [Google Scholar] [CrossRef]

	



Guo, S.; Davis, E.; Yu, X.; Naccarella, L.; Armstrong, R.; Abel, T.; Browne, G.; Shi, Y. Measuring functional, interactive and critical health literacy of Chinese secondary school students: Reliable, valid and feasible? Glob Health Promot. 2018, 25, 6–14. [Google Scholar] [CrossRef]

	



Rouquette, A.; Rigal, L.; Mancini, J.; Guillemin, F.; Van den Broucke, S.; Allaire, C.; Azogui-Levy, S.; Ringa, V.; Hassler, C. Health Literacy throughout adolescence: Invariance and validity study of three measurement scales in the general population. Patient Educ. Couns. 2021, 105, 996–1003. [Google Scholar] [CrossRef]

	



Warsh, J.; Chari, R.; Badaczewski, A.; Hossain, J.; Sharif, I. Can the newest vital sign be used to assess health literacy in children and adolescents? Clin. Pediatr. 2014, 53, 141–144. [Google Scholar] [CrossRef]

	



Liu, Y.; Wang, M.; Villberg, J.; Torsheim, T.; Tynjälä, J.; Lv, Y.; Kannas, L. Reliability and validity of family affluence scale (FAS II) among adolescents in Beijing, China. Child Indic. Res. 2012, 5, 235–251. [Google Scholar] [CrossRef]

	



Schwarzer, R.; Jerusalem, M. The general self-efficacy scale (GSE). Anxiety Stress Coping 2010, 12, 329–345. [Google Scholar]

	



Zimet, G.D.; Dahlem, N.W.; Zimet, S.G.; Farley, G.K. The multidimensional scale of perceived social support. J. Pers. Assess. 1988, 52, 30–41. [Google Scholar] [CrossRef]

	



Glaser, R.R.; Horn, M.L.V.; Arthur, M.W.; Hawkins, J.D.; Catalano, R.F. Measurement properties of the Communities That Care® Youth Survey across demographic groups. J. Quant. Criminol. 2005, 21, 73–102. [Google Scholar] [CrossRef]

	



Health Organization; Centres for Disease Control and Prevention (CDC). Global School-based Stu-dent Health Survey (GSHS). Available online: https://ncvc.dspacedirect.org/handle/20.500.11990/1425 (accessed on 10 April 2022).

	



Sherry, B.; Jefferds, M.E.; Grummer-Strawn, L.M. Accuracy of Adolescent Self-report of Height and Weight in Assessing Overweight Status: A Literature Review. Arch. Pediatrics Adolesc. Med. 2007, 161, 1154–1161. [Google Scholar] [CrossRef]

	



Waters, E.B.; Salmon, L.A.; Wake, M.; Wright, M.; Hesketh, K.D. The health and well-being of adolescents: A school-based population study of the self-report Child Health Questionnaire. J. Adolesc. Health 2001, 29, 140–149. [Google Scholar] [CrossRef]

	



Haddock, C.K.; Poston, W.S.; Pyle, S.A.; Klesges, R.C.; Vander Weg, M.W.; Peterson, A.; Debon, M. The validity of self-rated health as a measure of health status among young military personnel: Evidence from a cross-sectional survey. Health Qual. Life Outcomes 2006, 4, 57. [Google Scholar] [CrossRef]

	



Ravens-Sieberer, U.; Erhart, M.; Rajmil, L.; Herdman, M.; Auquier, P.; Bruil, J.; Power, M.; Duer, W.; Abel, T.; Czemy, L. Reliability, construct and criterion validity of the KIDSCREEN-10 score: A short measure for children and adolescents’ well-being and health-related quality of life. Qual. Life Res. 2010, 19, 1487–1500. [Google Scholar] [CrossRef]

	



Zhang, Y.-Y.; Lei, Y.-T.; Song, Y.; Lu, R.-R.; Duan, J.-L.; Prochaska, J.J. Gender differences in suicidal ideation and health-risk behaviors among high school students in Beijing, China. J. Glob. Health 2019, 9, 010604. [Google Scholar] [CrossRef]

	



Yaddanapudi, L.N. The American Statistical Association statement on P-values explained. J. Anaesthesiol. Clin. Pharm. 2016, 32, 421–423. [Google Scholar] [CrossRef]

	



White, I.R.; Royston, P.; Wood, A.M. Multiple imputation using chained equations: Issues and guidance for practice. Stat. Med. 2011, 30, 377–399. [Google Scholar] [CrossRef]

	



Rubin, D. Multiple Imputation for Nonresponse in Surveys; Wiley: New York, NY, USA, 1987. [Google Scholar]

	



StataCorp. Stata Statistical Software: Release 17; StataCorp LLC.: College Station, TX, USA, 2021. [Google Scholar]

	



Fleary, S.A.; Joseph, P.; Pappagianopoulos, J.E. Adolescent health literacy and health behaviors: A systematic review. J. Adolesc. 2018, 62, 116–127. [Google Scholar] [CrossRef] [PubMed]

	



Paakkari, L.; Torppa, M.; Paakkari, O.-P.; Välimaa, R.; Ojala, K.; Tynjälä, J. Does health literacy explain the link between structural stratifiers and adolescent health? Eur. J. Public Health 2019, 29, 919–924. [Google Scholar] [CrossRef] [PubMed]

	



Santha, A.; Bittlingmayer, U.H.; Bollweg, T.M.; Gerdes, J.; Okan, O.; Okcu, G.; Pinheiro, P.; Osipov, I.; Sahrai, D. Health Literacy and its Determinants in 11- and 12-year-old School Children in Germany. In New Approaches to Health Literacy. Linking Different Perspectives; Saboga-Nunes, L., Bittlingmayer, U.H., Okan, O.D.S., Eds.; Springer: Wiesbaden, Germany, 2020. [Google Scholar]

	



Rademakers, J.; Hahnraths, M.T.H.; van Schayck, O.C.P.; Heijmans, M. Children’s Health Literacy in Relation to Their BMI z-Score, Food Intake, and Physical Activity: A Cross-Sectional Study among 8–11-Year-Old Children in The Netherlands. Children 2022, 9, 925. [Google Scholar] [CrossRef] [PubMed]

	



Schmidt, C.O.; Fahland, R.A.; Franze, M.; Splieth, C.; Thyrian, J.R.; Plachta-Danielzik, S.; Hoffmann, W.; Kohlmann, T. Health-related behaviour, knowledge, attitudes, communication and social status in school children in Eastern Germany. Health Educ. Res. 2010, 25, 542–551. [Google Scholar] [CrossRef]

	



Sukys, S.; Trinkuniene, L.; Tilindiene, I. Subjective health literacy among school-aged children: First evidence from Lithuania. Int. J. Environ. Res. Public Health 2019, 16, 3397. [Google Scholar] [CrossRef]

	



Jiang, S.; Ren, Q.; Jiang, C.; Wang, L. Academic stress and depression of Chinese adolescents in junior high schools: Moderated mediation model of school burnout and self-esteem. J. Affect. Disord. 2021, 295, 384–389. [Google Scholar] [CrossRef]

	



Cheng, T.L.; Dreyer, B.P.; Jenkins, R.e.R. Introduction: Child Health Disparities and Health Literacy. Pediatrics 2009, 124, S161–S162. [Google Scholar] [CrossRef]

	



Sun, S.; Huang, J.; Hudson, D.L.; Sherraden, M. Cash transfers and health. Annu. Rev. Public Health 2021, 42, 363–380. [Google Scholar] [CrossRef]

	



Smith, C.; Goss, H.R.; Issartel, J.; Belton, S. Health Literacy in Schools? A Systematic Review of Health-Related Interventions Aimed at Disadvantaged Adolescents. Children 2021, 8, 176. [Google Scholar] [CrossRef]

	



Shih, S.-F.; Liu, C.-H.; Liao, L.-L.; Osborne, R.H. Health literacy and the determinants of obesity: A population-based survey of sixth grade school children in Taiwan. BMC Public Health 2016, 16, 280. [Google Scholar] [CrossRef]

	



Olyani, S.; Tehrani, H.; Esmaily, H.; Rezaii, M.M.; Vahedian-Shahroodi, M. Assessment of health literacy with the Newest Vital Sign and its correlation with body mass index in female adolescent students. Int. J. Adolesc. Med. Health 2020, 32. [Google Scholar] [CrossRef]

	



Qi, S.; Qin, Z.; Wang, N.; Tse, L.A.; Qiao, H.; Xu, F. Association of academic performance, general health with health-related quality of life in primary and high school students in China. Health Qual. Life Outcomes 2020, 18, 339. [Google Scholar] [CrossRef]

	



He, J.; Chen, X.; Fan, X.; Cai, Z.; Huang, F. Is there a relationship between body mass index and academic achievement? A meta-analysis. Public Health 2019, 167, 111–124. [Google Scholar] [CrossRef]

	



St Leger, L. Schools, health literacy and public health: Possibilities and challenges. Health Promot. Int. 2001, 16, 197–205. [Google Scholar] [CrossRef]

	



Deal, T.B.; Hodges, B. Role of 21st Century Schools in Promoting Health Literacy; National Education Association Health Information Network: Washington, DC, USA, 2009; pp. 1–10. [Google Scholar]

	



Nash, R.; Patterson, K.; Flittner, A.; Elmer, S.; Osborne, R. School-Based Health Literacy Programs for Children (2–16 Years): An International Review. J. Sch. Health 2021, 91, 632–649. [Google Scholar] [CrossRef]

	



Elmer, S.; Nash, R.; Kemp, N.; Coleman, C.; Wyss, M.; Roach, J. HealthLit4Kids: Supporting schools to be health literacy responsive organisations. Health Promot. J. Austr. 2021, 32, 17–28. [Google Scholar] [CrossRef]

	



Blume, M.; Rattay, P.; Hoffmann, S.; Spallek, J.; Sander, L.; Herr, R.; Richter, M.; Moor, I.; Dragano, N.; Pischke, C.; et al. Health Inequalities in Children and Adolescents: A Scoping Review of the Mediating and Moderating Effects of Family Characteristics. Int. J. Environ. Res. Public Health 2021, 18, 7739. [Google Scholar] [CrossRef]

	



Gibney, S.; Bruton, L.; Ryan, C.; Doyle, G.; Rowlands, G. Increasing Health Literacy May Reduce Health Inequalities: Evidence from a National Population Survey in Ireland. Int. J. Environ. Res. Public Health 2020, 17, 5891. [Google Scholar] [CrossRef]

	



Aghazadeh, S.A.; Aldoory, L. ‘Health literacy for all’: Exploring the feasibility of an intervention to reduce health disparities among rural children. J. Appl. Commun. Res. 2020, 48, 478–495. [Google Scholar] [CrossRef]








[image: Children 09 01128 g001 550] 





Figure 1. Distribution of health literacy by socio-demographic and individual characteristics. 
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Figure 2. Association between health literacy and gender, year level, and ethnicity. Adjusted confounders were all upstream variables. 
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Figure 3. Association between health literacy and family composition, socioeconomic status, and health interest. Adjusted confounders were all upstream variables. 
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Figure 4. Association between health literacy and self-efficacy, social support, and school environment. Adjusted confounders were all upstream variables. 
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Figure 5. Association between health literacy and developmental outcomes. All estimates were adjusted for gender, year level, ethnicity, family composition, family socioeconomic status, health interest, self-efficacy, social support, and school environment. 
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Table 1. Sample characteristics and descriptive statistics of key variables (n = 650).
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Variable

	
Frequency (%)/Mean (±SD)




	
Sociodemographics and individual characteristics

	






	
 Gender

	




	
  Male

	
357 (54.9)




	
  Female

	
293 (45.1)




	
 Year level

	




	
  Year 7

	
232 (35.7)




	
  Year 8

	
215 (33.1)




	
  Year 9

	
203 (31.2)




	
 Ethnicity

	




	
  Han

	
617 (94.9)




	
  Ethnic minority

	
33 (5.1)




	
 Family composition

	




	
  Lone parent

	
77 (11.9)




	
  Two parents

	
572 (88.1)




	
 Socioeconomic status

	




	
  Low

	
180 (27.7)




	
  Medium

	
301 (46.3)




	
  High

	
169 (26.0)




	
 Health interest

	




	
  Not interested

	
88 (13.5)




	
  Not sure

	
85 (13.1)




	
  Interested

	
477 (73.4)




	
 Self-efficacy

	
26.85 (6.37)




	
 Social support

	
62.79 (15.26)




	
 School environment

	
30.48 (5.59)




	
Health literacy

	




	
 HLAT

	
26.34 (5.89)




	
 NVS

	
3.64 (1.64)




	
 HLS

	
13.72 (2.94)




	
Developmental outcomes

	




	
 Health-promoting behaviours

	
28.04 (3.65)




	
 Body mass index

	
21.21 (5.02)




	
 Patient-provider communication

	




	
  0 times

	
332 (53.2)




	
  1–2 times

	
221 (35.4)




	
  3–5 times

	
51 (8.2)




	
  6 times or more

	
20 (3.2)




	
 Global health status

	




	
  Poor

	
9 (1.4)




	
  Fair

	
215 (33.1)




	
  Good

	
227 (34.9)




	
  Very good

	
125 (19.2)




	
  Excellent

	
74 (11.4)




	
 Health-related quality of life

	
37.49 (5.78)




	
 Academic performance

	




	
  Very poor

	
69 (10.6)




	
  Poor

	
139 (21.5)




	
  Average

	
197 (30.4)




	
  Good

	
186 (28.7)




	
  Very good

	
57 (8.8)








HLAT, Health Literacy Assessment Tool; HLS, Health Literacy Survey; NVS, Newest Vital Sign; SD, Standard Deviation.
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Table 2. Correlation between health literacy, its upstream factors and outcomes.
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	Gender
	YL
	Ethnicity
	FC
	SES
	HI
	SEF
	SS
	SCE
	HLAT
	NVS
	HLS
	HPB
	BMI
	PC
	GHS
	HRQOL
	AP





	Gender
	1.00
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	



	YL
	0.00
	1.00
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	



	Ethnicity
	−0.01
	0.03
	1.00
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	



	FC
	0.03
	0.00
	−0.08
	1.00
	
	
	
	
	
	
	
	
	
	
	
	
	
	



	SES
	0.02
	−0.01
	0.06
	0.06
	1.00
	
	
	
	
	
	
	
	
	
	
	
	
	



	HI
	0.03
	−0.08
	−0.04
	0.00
	0.04
	1.00
	
	
	
	
	
	
	
	
	
	
	
	



	SEF
	−0.11 *
	−0.11 *
	−0.01
	0.05
	0.17 *
	0.17 *
	1.00
	
	
	
	
	
	
	
	
	
	
	



	SS
	0.02
	−0.06
	0.03
	0.10 *
	0.18 *
	0.25 *
	0.41 *
	1.00
	
	
	
	
	
	
	
	
	
	



	SCE
	0.03
	−0.16 *
	−0.03
	0.03
	0.13 *
	0.22 *
	0.45 *
	0.55 *
	1.00
	
	
	
	
	
	
	
	
	



	HLAT
	−0.00
	−0.04
	0.03
	0.00
	0.15 *
	0.29 *
	0.38 *
	0.44 *
	0.42 *
	1.00
	
	
	
	
	
	
	
	



	NVS
	0.01
	0.03
	0.02
	−0.02
	0.02
	0.11 *
	0.10 *
	0.17 *
	0.11 *
	0.20 *
	1.00
	
	
	
	
	
	
	



	HLS
	−0.03
	0.01
	−0.07
	0.06
	0.11 *
	0.16 *
	0.25 *
	0.37 *
	0.32 *
	0.43 *
	0.14 *
	1.00
	
	
	
	
	
	



	HPB
	−0.07
	−0.08
	−0.04
	0.05
	0.12 *
	0.17 *
	0.30 *
	0.28 *
	0.32 *
	0.29 *
	0.07
	0.32 *
	1.00
	
	
	
	
	



	BMI
	−0.10 *
	0.07
	0.01
	0.05
	−0.03
	−0.06
	−0.04
	−0.03
	−0.05
	−0.05
	−0.05
	−0.03
	−0.09 *
	1.00
	
	
	
	



	PC
	0.05
	0.01
	0.02
	0.04
	0.12 *
	0.16 *
	0.12 *
	0.14 *
	0.09 *
	0.15 *
	0.06
	0.11 *
	0.06
	−0.03
	1.00
	
	
	



	GHS
	−0.14 *
	−0.10 *
	−0.04
	0.11 *
	0.10 *
	0.14 *
	0.25 *
	0.23 *
	0.19 *
	0.24 *
	0.02
	0.23 *
	0.18 *
	−0.12 *
	−0.05
	1.00
	
	



	HRQOL
	−0.12 *
	−0.15 *
	−0.04
	0.05
	0.18 *
	0.20 *
	0.35 *
	0.59 *
	0.48 *
	0.35 *
	0.14 *
	0.34 *
	0.32 *
	−0.06
	0.06
	0.34 *
	1.00
	



	AP
	0.08
	−0.01
	0.04
	−0.01
	0.16 *
	0.10 *
	0.20 *
	0.24 *
	0.21 *
	0.22 *
	0.39 *
	0.18 *
	0.17 *
	−0.09 *
	0.12 *
	0.03
	0.22 *
	1.00







YL, Year Level; FC, Family Composition; SES, Socioeconomic Status; HI, Health Interest; SEF, Self-efficacy; SS, Social Support; SCE, School Environment; HLAT, Health Literacy Assessment Tool; NVS, Newest Vital Sign; HLS, Health Literacy Survey; HPB, Health-promoting Behaviours; BMI, Body Mass Index; PC, Patient-provider Communication; GHS, Global Health Status; HQROL, Health-related Quality of Life; AP, Academic Performance. * p < 0.05.
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