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Abstract

:

Over the past two decades, health literacy research has gained increasing attention in global health initiatives to reduce health disparities. While it is well-documented that health literacy is associated with health outcomes, most findings are generated from cross-sectional data. Along with the increasing importance of health literacy in policy, there is a lack of specificity and transparency about how to improve health literacy in practice. In this study, we are calling for a shift of current research paradigms from judging health literacy levels towards observing how health literacy skills are developed over the life course and practised in the real world. This includes using a life-course approach, integrating the rationale of precision public health, applying open science practice, and promoting actionable knowledge translation strategies. We show how a greater appreciation for these paradigms promises to advance health literacy research and practice towards an equitable, precise, transparent, and actionable vision.
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1. Introduction


Health literacy underpins everyday health behaviours and health-related decisions. Defined as an individual’s ability to find, understand, and use health information to promote and maintain good health [1,2], the term “health literacy” has been widely used in healthcare, disease prevention, and health promotion since the 1990s [3]. Health literacy is a context- and content-specific concept; this means that researchers need to define and measure it within a specific context for a particular purpose [4]. From a public health perspective, health literacy is regarded as a personal asset that evolves over the life course and promotes empowerment in health decision-making [5,6,7]. In the context of the coronavirus disease of 2019 (COVID-19), an individual’s health literacy supports his/her decisions on washing hands, maintaining physical distance, adopting protective behaviours, seeing a doctor, and complying with quarantine policies, thus contributing to a more likely successful public health response strategy [8,9,10]. Health literacy also helps to navigate the infodemic—the overabundance of valid and invalid information that is circulating on the Internet—that is attached to the COVID-19 pandemic [11,12].



Low health literacy is a global public health concern. Internationally, it is estimated that 28.7% to 92.7% of adults have low health literacy [13,14], costing national governments at least $106 billion annually [15]. Mounting evidence suggests that low health literacy is associated with adverse health outcomes [16,17,18], including frequent use of emergency care, prolonged hospital stays, and high mortality rates, which in turn lead to health disparities [19]. National and international health programs have shown promising outcomes (e.g., improved health knowledge, healthier behaviours, self-management of chronic illness, access to healthcare) when intervening to improve health literacy [20,21,22]. Most recently, the World Health Organization’s Shanghai Declaration on Promoting Health in the 2030 Agenda for Sustainable Development highlighted health literacy as an integral part of the skills developed over a lifetime and recognized it as a critical driver of achieving an equitable world [23,24].




2. What Is Known Already?


Enhancing health literacy requires a systems approach to understanding its risk factors and its impact on health outcomes [4,25,26]. The social determinants framework suggests that health literacy is an interactive product of an individual’s health literacy skills and the broad environment and culture [27,28]. Empirical studies show that health literacy levels differ substantially across age groups and countries. Based on the Demographic and Health Surveys, McClintock et al. [29] found that the prevalence of poor health literacy among respondents aged 15–49 years ranged from 36.1% in Namibia to 91.5% in Niger across 14 sub-Saharan countries. As for children and adolescents, the Health Behaviour in School-aged Children study shows that, in 10 countries (e.g., Austria, England, Finland), a total of 13.3% of participants have low levels of health literacy, ranging from 6.0% to 17.7% across countries [30].



There is a social gradient in health literacy for children [31], adolescents [32], and adults [14]. The lower the socioeconomic status an individual has, the lower the health literacy level is likely to be. Health literacy can affect health outcomes at each life stage. Prior to childbirth, low health literacy in pregnant mothers has a significant impact on the health and development of their offspring, including prematurity, infancy death, and child vaccination participation [33]. Low health literacy in children and adolescents is associated with poor health behaviours, such as smoking, alcohol use, and obesity [34,35,36,37]. When children and adolescents transit into adulthood and older age, health literacy is closely linked with healthcare outcomes, such as prolonged hospitalization and poor medication adherence [17,38].



While health literacy research has gained momentum in the global context [39,40], it is predominated by cross-sectional studies, with less than 8% of all published papers focusing on health literacy interventions, including randomized controlled trials [41,42]. Unlike time-series data, cross-sectional data make it impossible to make a valid statement regarding the change. Health literacy is a life-course personal asset [43], which progresses as a child grows up with different characteristics and health needs at each life stage [7,44]. For instance, children’s and adolescents’ health literacy rely heavily on their developmental ability and their parents and peers [45]. When they transition into adulthood, they become more independent in making their own decisions in healthcare, disease prevention, and health promotion [14]. As cognitive function declines with age, older adults are an especially vulnerable group, with low self-management ability for everyday health-related decisions [43,46,47]. Currently, there is a lack of holistic ways to look at the impact of health literacy over the life-course due to a lack of longitudinal studies.



There is promising evidence showing the effectiveness of health literacy interventions on health outcomes at the individual and community level [20,48,49,50]. However, there remain substantial gaps. In practice, health literacy interventions vary in terms of their study designs, measurement tools, and types of outcome measures [21,22]. Besides, there is a lack of specificity in the intervention targets (e.g., individual level, organizational level, community level), content (e.g., functional health literacy, interactive health literacy, critical health literacy), timing (e.g., antenatal, preschool, adolescence), and formats (e.g., universal, intensive, low-threshold). It remains unclear about which interventions are the most effective in improving health literacy, related health behaviours, and associated health outcomes. When translating health literacy evidence into practice, researchers should design interventions that are specifically tailored to people with different health literacy levels and needs [21,51]. There is a need to use precise and transparent approaches to improving health literacy and reducing health inequities in the end.



In response to low health literacy levels in the population, many countries have developed national action plans to strengthen health literacy for achieving sustainable development and health equity (e.g., the National Actional Plan to Improve Health Literacy in the USA [52], the National Statement on Health Literacy in Australia [53], the National Action Plan Health Literacy in Germany [54]). Common features in these policy documents include a response to perceived deficiencies in health literacy, the importance of professional education in improving the quality of communication, and a need for responsive healthcare systems [55,56]. Policy responses to health literacy are important public statements of priorities by governments and provide a mechanism for public accountability [55,57]. However, in contrast to the increasing number of evidence generated from empirical studies, discussions on the knowledge translation and implementation process are scarce. There remains a lack of specificity in the implementation process and monitoring systems for progress.




3. What Evidence Is Needed?


This perspective is a proposition for four new research paradigms to address the aforementioned knowledge gaps, expecting to move health literacy research and practice towards an equitable, precise, transparent, and actionable vision. This includes using a life-course approach to health literacy [58], integrating the rationale of precision public health [59], applying open science practice [60], and promoting actionable knowledge translation strategies [61]. In what follows, we will discuss the life-course approach to health literacy as a starting point, and then the necessity of integrating the rationale of precision public health. We are calling for a shift of current research paradigms from judging health literacy levels (low versus high) towards observing how health literacy skills are practised and developed over the life-course. Based on these new paradigms, we expect a nuanced understanding of how health literacy develops over the life-course, how it influences health behaviour and decision-making, and thus how it informs specific interventional opportunities—especially in the early life stages across educational and healthcare settings—for a precise policy recommendation. We also highlight the importance of applying open science and considering knowledge translation strategies from the beginning of research planning to generate or replicate policy-relevant findings rapidly and cost-effectively across different cultural contexts, and thus facilitate the process of knowledge dissemination.



3.1. A Life-Course Approach to Health Literacy


We need to extend the current concept of “health literacy” from cross-sectional to longitudinal studies. Health literacy is a personal asset that develops dynamically over time [43]. A life-course approach to health literacy will assist researchers in discovering opportunities for optimizing health development and reducing health inequities, and explaining how health practices and policies can go beyond the avoidance of disease to the promotion of health at the early life stages [7,42,43]. As shown in Figure 1, we recognize potential intervention levers (both upstream and downstream) for giving all children the best start to life. A life-course approach to health literacy aligns with national and international health initiatives that aim to reduce inequities (e.g., the National Action Plan for Children and Young People in Australia [62]).



A life-course approach is well-recognized in public health research and practice to close the gap in health inequities [58,62]. Using life-course data from the Wisconsin Longitudinal study 1957–2011, Clouston et al. [43] found that life-course predictors of health literacy among older adults included parental educational attainment, and adolescent cognitive and non-cognitive skills. Findings from this life-course analysis add to our understanding of how health literacy might change over time through adolescent cognitive and non-cognitive skills. Depending on the research purpose and available data sources, researchers could also propose other specific research questions using one of the life-course models exemplified in Table 1. For example, early life represents a sensitive period of health and development. Exposure to stressors associated with disadvantages during this time can exert adverse effects on health over the life course [7]. Using the sensitive period model, researchers can examine and compare the effect of parental health literacy on children’s health behaviours and health outcomes at different ages of children (e.g., pregnancy, infancy, toddler age).




3.2. Precision Public Health and Health Literacy


We are entering an era of “big data” and “precision”. Big data has enabled extensive and specific research and trials of stratifying and segmenting populations at risk for a variety of health problems, including poor health literacy [67]. In the field of big data and public health, machine learning is a fundamental component of data analytics that provides data-driven insights, decisions, and predictions [68,69]. Machine learning techniques have been broadly adopted for researchers to answer a series of public health research questions (e.g., identifying leading dietary determinants in children [70], predicting the development of Type 2 Diabetes [71]). Using different machine learning approaches, researchers can also address health literacy research questions, such as identifying elderly people at high risk of low health literacy.



Particularly, the breadth of longitudinal data available in existing cohorts enables researchers to generate policy-relevant findings quickly [72]. Similar to the precision medicine initiative of providing the right treatment to the right patient at the right time [73], a precision public health approach to health literacy calls for harnessing the power of resourceful life-course data to inform the right intervention to the right population at the right time [59,74]. In the context of COVID-19 [75], precision public health is particularly useful to design targeted interventions for populations by person, place, and time to promote better navigation of health care and disease prevention [76]. If a population has a higher proportion of persons with low health literacy, public messages could be provided to educate persons on where to obtain trustworthy information and when to seek health professionals [76].



Integrating the rationale of precision public health aligns with the relation- and context-specific nature of health literacy [4,26]. Currently, there is a lack of specificity to inform clear health literacy policy decisions [72]. Figure 1 shows that there are substantial opportunities for researchers to generate specific recommendations between personal and social determinants and health literacy (i.e., upstream intervention levers), and between health literacy and health and social outcomes (i.e., downstream intervention levers). For example, the education sector is a critical platform for health literacy interventions, and education for health literacy is a fundamental process and outcome across the life course [40]. Precision evidence is needed, such as at which time point, at what dosage, and which delivery approach is likely to have the most significant impact on improving population health literacy and reducing health inequities. We need to identify precise policy levers (either upstream or downstream) and build an evidence base with sufficient specificity to generate actionable policy implications.




3.3. Open Science Practice and Health Literacy


Open science refers to a range of practices that promote transparency, openness, and reproducibility in research [77]. Efforts to reproduce published findings have yielded a concerningly high failure rate (e.g., only 62% replicated in Nature and Science [78]) [79,80]. In response to concerns about this “reproducibility crisis”, the open science practice has been increasingly recognized across disciplines [60]. For instance, the National Health and Medical Research Council and the Australian Research Council have clear open access policies that align with the Australian Government’s commitment to open access and open data management [81]. However, in practice, null results are less frequently published than statistically significant results and are more likely to be inaccessible and lost in the “file drawer” [82]. To reduce publication bias, we need to move the current evidence of health literacy from an era of “publish or perish” to “visible or vanish” [83].



Transparency, openness, and reproducibility are central principles of open science practice [77]. Examples of open science practice include a preregistered report, detailed analytic plan, and publicly shared coding via the Open Science Framework (Table 2) [77,84]. A future vision for health literacy research is to increase its clarity, credibility, and transparency, which can help to provide reliable evidence that can serve as a basis for making decisions about clinical or population-health interventions [85]. For example, the Health Literacy Tool Shed is an online, publicly accessible database of health literacy measures [86]. Currently, more than 200 measurement tools are available. Healthcare providers and researchers can search and select the most appropriate instrument according to a specific research purpose [86]. Adoption of open science practice in health literacy research is effective to replicate studies across different cultural contexts. It also provides researchers with a system structure in documenting their work and improving workflows, and offers a path to publication irrespective of the null conclusions [84,87].




3.4. Knowledge Translation and Health Literacy


Knowledge translation is the exchange, synthesis, and ethically sound application of research findings within a complex set of interactions among researchers and knowledge users [88]. While a number of knowledge translation frameworks has been developed for researchers [89], there is a well-known gap between research and practice [90,91]. It is estimated that it takes 17 years for just 14% of medical research to be implemented [83,92]. This is the same case in the field of health literacy [93,94]. While the importance of health literacy is increasingly recognized in national and global health initiatives [23,62,95], there is still a long way to go when applying health literacy into current practice [50,96]. The evidence synthesis shows that, of the 46 existing and developing health literacy policies in European regions, the main barriers influencing the successful implementation of health literacy policy include cultural barriers, budget restrictions, and the difficulty obtaining high-quality evidence. Besides, there is also a lack of engagement in policy evaluation by the academic community [20].



Translating the best available research evidence into evidence-based practice and policy is a complex process which confronts multiple barriers at the individual, organizational, and political level [97]. There has been a range of efforts to reduce these barriers. For example, the OPtimizing HEalth LIteracy and Access (Ophelia) is a whole-of-system approach to developing and implementing health literacy research [98]. This approach is widely accepted in high-income and low- and middle-income countries, and uses health literacy profiling and community engagement to create and implement health reforms, thus improving health and equity [98]. The Ophelia approach has also been adapted for different populations and contexts, such as the HealthLit4Kids [99]. Another well-established whole-of-system approach is organizational health literacy, which is widespread in North America and Europe [100]. Organizational health literacy is based on the assumption that health literacy is a relational concept in which not only individual skills must be addressed, as well as system-level complexities. This concept has also been used in the HeLit-Schools project, interlinking the organizational health literacy as applied to the school setting with the WHO health-promoting school framework [101,102].





4. Benefits and Challenge


4.1. Benefits


There are four main benefits if the above research paradigms are applied in current health literacy research and practice. First, we can monitor and evaluate population health literacy levels over time by implementing routine data collection. This allows us to look at health literacy levels among different age groups as well as vulnerable groups, such as those from different ethnic minorities, backgrounds, and migrants, children and young people, chronically ill, and older people. We can also examine the protective and risk factors of health literacy and its impact on health outcomes from a longer-term perspective, thus informing policy opportunities at the best time.



Second, we can investigate a specific research question about health literacy from a precision public health perspective. We can use modern epidemiological methods, such as causal inference to explore the ideal time point to intervene in low health literacy of a specific population [103,104]. When a randomized trial is not available, we can use the emulated target trial to investigate the causal effect of improving health literacy on a specific health outcome [105]. A most valuable approach to better understanding real-life health literacy is to focus on ethnographic research exploring the social practices when health information and knowledge are the action focus [106,107,108].



Third, through the open science movement initiative, it is cost-effective and time-efficient to measure, collect, and analyze health literacy data via existing or linked datasets. For example, the COVID Health Literacy Consortium (COVID-HL) is a timely project in the context of COVID-19 [109,110]. COVID-HL aims to establish a global network on digital health literacy and increase global awareness on health literacy as a critical tool to help protect from communicable diseases. This international platform makes it possible for a health literacy comparison across countries and enables collaborations and data access for researchers. Further examples include the WHO Action Network on Measuring Population and Organizational Health Literacy (M-POHL), which aims at the routine measurement of different types of health literacy in the European adult population [111].



Fourth, the knowledge translation and engagement process moves the generated health literacy evidence towards the real world. Knowledge end-users, such as policymakers or parents of young children, can benefit from interaction with researchers through reflections on their own daily activities, enhanced health knowledge, and skills to protect health. Researchers can also benefit as they gain a nuanced understanding of the practice and policy environment, and develop health literacy research questions that have real-world applicability and benefits [112].




4.2. Challenges


There are also several challenges. First, health literacy measurement is a complex phenomenon across the life stage, even at a particular time point. The assessment of health literacy varies depending on the setting, research purpose, and the scope of health literacy definitions [113,114]. Given that different age groups have different characteristics and health needs, researchers may consider using a core measurement tool plus a variety of add-on modules that target varying age groups [115]. Eventually, this will also make the measurement much more complex and time-consuming.



Second, it is complicated for life-course data planning and analysis using modern epidemiological methods. Dropouts, missing data, and other study deviations (e.g., low response rates) are a common occurrence in both population research and clinical studies [116]. It is important to consider the power analysis strategies to estimate the sample size, thus enabling researchers to detect a significant effect of health literacy on the outcome of interest. Researchers also need to consider critical questions commonly encountered in longitudinal data analysis, such as confounding bias, selection bias, measurement bias, and whether to include an interaction term in a parametric model [103]. In this case, informed by expert knowledge, researchers can use the directed acyclic graph [117] to visually represent the hypothesized causal pathway from health literacy to a specific health outcome. The LifeCourse analysis plan template is another useful toolkit that can strengthen the quality of observational epidemiological studies [118]. As for big data in public health, while it provides opportunities to make causality inferences based on chains of sequence, it also introduces challenges to machine learning, such as high data dimensionality, model scalability, and distributed computing [119].



Third, using open science practice in health literacy often requires more time and effort for archiving, documenting, quality controlling of codes, and data security [87]. Open science is changing how research and practice are conducted, and it takes time to consolidate in the mainstream [77]. Currently, the majority of open-source datasets do not adhere to data principles, such as being findable and accessible [120]. Besides, data access and sharing are recurring challenges attributed not only to privacy concerns, but also ambiguous data ownership and unaligned incentives [121]. There is a need for researchers to adhere to principles of research partnership and data governance models to prevent the breaches of privacy that obstruct ethically justified data access.



Fourth, knowledge translation barriers are common in practice, especially in the context of COVID-19 [93]. For example, when disseminating health literacy information in a multi-cultural setting, how could we engage with culturally and linguistically diverse families for the first time and get them to understand the right information? Along with challenges related to information overload and an ongoing infodemic [122,123], researchers and policymakers should be aware of the main facilitators that drive successful health literacy policy implementation, such as intersectoral working, political leadership, and overcoming cultural barriers [20]. In addition, specific knowledge translation plans are needed in advance when implementing relevant strategies in the real world [54,124,125]. There remains much work to be conducted to understand how to implement health literacy evidence into practice.



When applying the above paradigms into practice, researchers need to be aware that we are not calling for a “one size fits all” solution to fill the gaps in current research. Instead, we are calling for a more equitable, precise, transparent, and actionable way to advance health literacy in research and practice. The four paradigms mentioned above cover a broad range of considerations, ranging from a theoretical approach for individual research to empirical studies generating information using big data for policymaking. Researchers can integrate one or two into their research planning and implementation. For example, when a researcher is exploring personal experiences of health literacy at the micro levels, it is more suitable to consider using open science practice and knowledge translation strategies to enhance the rigour of reporting studies and disseminate research findings to a range of stakeholders.





5. Conclusions


Health literacy is a crucial driver to health equity. While the evidence base shows a significant impact of health literacy on health outcomes, we need to move this field towards an equitable, precise, transparent, and actionable vision. A life-course approach to health literacy will allow for a better understanding of the mechanisms linking health literacy to health outcomes. A precision public health rationale corresponds with the specific nature of health literacy, and will enable us to generate specific policy recommendations to improve population health. Open science practice will assist with minimizing publication bias and motivating researchers to share resources to produce more reliable and cost-effective evidence. Finally, actionable knowledge translation strategies will bridge the gap between the academic world and the real world, leading to an equitable society that is not so far away.







Author Contributions


Conceptualization, S.G.; writing—original draft preparation, S.G., X.Y., O.O.; writing—review and editing, S.G., X.Y., O.O. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Acknowledgments


The research is supported by the Victorian Government’s Operational Infrastructure Support Program.




Conflicts of Interest


The authors declare no conflict of interest.




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]

	



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]

	



Pleasant, A. Health literacy: An opportunity to improve individual, community, and global health. New Dir. Adult Contin. Educ. 2011, 2011, 43–53. [Google Scholar] [CrossRef]

	



Nutbeam, D. Defining and measuring health literacy: What can we learn from literacy studies? Int. J. Public Health 2009, 54, 303–305. [Google Scholar] [CrossRef] [PubMed]

	



Nutbeam, D. The evolving concept of health literacy. Soc. Sci. Med. 2008, 67, 2072–2078. [Google Scholar] [CrossRef]

	



Crondahl, K.; Eklund Karlsson, L. The nexus between health literacy and empowerment: A scoping review. Sage Open 2016, 6, 2158244016646410. [Google Scholar] [CrossRef]

	



Okan, O. The importance of early childhood in addressing equity and health literacy development in the life-course. Public Health Panor. 2019, 5, 170–176. [Google Scholar]

	



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. Int. J. Environ. Res. Public Health 2020, 17, 3010. [Google Scholar] [CrossRef]

	



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

	



Okan, O.; Bollweg, T.M.; Berens, E.-M.; Hurrelmann, K.; Bauer, U.; Schaeffer, D. Coronavirus-Related Health Literacy: A Cross-Sectional Study in Adults during the COVID-19 Infodemic in Germany. Int. J. Environ. Res. Public Health 2020, 17, 5503. [Google Scholar] [CrossRef] [PubMed]

	



Luengo-Oroz, M.; Pham, K.H.; Bullock, J.; Kirkpatrick, R.; Luccioni, A.; Rubel, S.; Wachholz, C.; Chakchouk, M.; Biggs, P.; Nguyen, T.; et al. Artificial intelligence cooperation to support the global response to COVID-19. Nat. Mach. Intell. 2020, 2, 295–297. [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.; et al. 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]

	



Vernon, J.A.; Trujillo, A.; Rosenbaum, S.; DeBuono, B. Low Health Literacy: Implications for National Health Policy; National Network of Libraries of Medicine: Bethesda, MD, USA, 2017; pp. 1–18.

	



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] [PubMed]

	



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

	



Mantwill, S.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]

	



WHO Regional Office for Europe. What is the Evidence on Existing Policies and Linked Activities and Their Effectiveness for Improving Health Literacy at National Regional and Organizational Levels in the WHO European Region; World Health Organization: Geneva, Switzerland, 2018. [Google Scholar]

	



Visscher, B.B.; Steunenberg, B.; Heijmans, M.; Hofstede, J.M.; Devillé, W.; van der Heide, I.; Rademakers, J. Evidence on the effectiveness of health literacy interventions in the EU: A systematic review. BMC Public Health 2018, 18, 1414. [Google Scholar] [CrossRef]

	



Zibellini, J.; Muscat, D.M.; Kizirian, N.; Gordon, A. Effect of health literacy interventions on pregnancy outcomes: A systematic review. Women Birth 2020. [Google Scholar] [CrossRef]

	



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

	



Pleasant, A.C.; 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]

	



Koh, H.K.; Baur, C.; Brach, C.; Harris, L.M.; Rowden, J.N. Toward a systems approach to health literacy research. J. Health Commun. 2013, 18, 1–5. [Google Scholar] [CrossRef] [PubMed]

	



Allott, M.L.; Sofra, T.; O’Donnell, G.; Hearne, J.L.; Naccarella, L. Building health literacy responsiveness in Melbourne’s west: A systems approach. Aust. Health Rev. 2018, 42, 31–35. [Google Scholar] [CrossRef] [PubMed]

	



Rowlands, G.; Shaw, A.; Jaswal, S.; Smith, S.; Harpham, T. Health literacy and the social determinants of health: A qualitative model from adult learners. Health Promot. Int. 2017, 32, 130–138. [Google Scholar] [CrossRef] [PubMed]

	



Matsumoto, M.; Nakayama, K. Development of the health literacy on social determinants of health questionnaire in Japanese adults. BMC Public Health 2017, 17, 30. [Google Scholar] [CrossRef] [PubMed]

	



McClintock, H.; Schrauben, S.; Andrews, A.; Wiebe, D. Measurement of health literacy to advance global health research: A study based on Demographic and Health Surveys in 14 sub-Saharan countries. Lancet Glob. Health 2017, 5, S18. [Google Scholar] [CrossRef]

	



Paakkari, L.; Torppa, M.; Mazur, J.; Boberova, Z.; Sudeck, G.; Kalman, M.; Paakkari, O. A Comparative Study on Adolescents’ Health Literacy in Europe: Findings from the HBSC Study. Int. J. Environ. Res. Public Health 2020, 17, 3543. [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]

	



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

	



Azugbene, E. Maternal Health Literacy and Maternal and Child Health Outcomes: A Review of the Literature. Ann. Glob. Health 2017, 83, 94. [Google Scholar] [CrossRef]

	



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]

	



Ozturk, F.O.; Ayaz-Alkaya, S. Health literacy and health promotion behaviors of adolescents in Turkey. J. Pediatric Nurs. 2020, 54, e31–e35. [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] [PubMed]

	



Paakkari, L.; Kokko, S.; Villberg, J.; Paakkari, O.; Tynjälä, J. Health literacy and participation in sports club activities among adolescents. Scand. J. Public Health 2017, 45, 854–860. [Google Scholar] [CrossRef] [PubMed]

	



Chesser, A.K.; Keene Woods, N.; Smothers, K.; Rogers, N. Health literacy and older adults: A systematic review. Gerontol. Geriatr. Med. 2016, 2, 1–13. [Google Scholar] [CrossRef] [PubMed]

	



International Union for Health Promotion and Education. IUHPE Position Statement on Health Literacy: A Practical Vision for a Health Literate World; IUHPE Global Working Group on Health Literacy: Paris, France, 2018; pp. 1–28. [Google Scholar]

	



Vamos, S.; Okan, O.; Sentell, T.; Rootman, I. Making a case for “Education for health literacy”: An international perspective. Int. J. Environ. Res. Public Health 2020, 17, 1436. [Google Scholar] [CrossRef] [PubMed]

	



Paasche-Orlow, M.K.; Wilson, E.A.; McCormack, L. The evolving field of health literacy research. J. Health Commun. 2010, 15, 5–8. [Google Scholar] [CrossRef]

	



Okan, O.; Bauer, U.; Levin-Zamir, D.; Pinheiro, P.; Sørensen, K. International Handbook of Health Literacy: Research, Practice and Policy Across the Life-Span.; Bristol University Press: Bristol, UK, 2019. [Google Scholar]

	



Clouston, S.A.P.; Manganello, J.A.; Richards, M. A life course approach to health literacy: The role of gender, educational attainment and lifetime cognitive capability. Age Ageing 2017, 46, 493–499. [Google Scholar] [CrossRef]

	



Cooper, A. Health in the eyes of young people. Lancet Child. Adolesc. Health 2019, 3, 299. [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]

	



Geboers, B.; de Winter, A.F.; Spoorenberg, S.L.W.; Wynia, K.; Reijneveld, S.A. The association between health literacy and self-management abilities in adults aged 75 and older, and its moderators. Qual. Life Res. 2016, 25, 2869–2877. [Google Scholar] [CrossRef]

	



O‘Conor, R.; Muellers, K.; Arvanitis, M.; Vicencio, D.P.; Wolf, M.S.; Wisnivesky, J.P.; Federman, A.D. Effects of health literacy and cognitive abilities on COPD self-management behaviors: A prospective cohort study. Respir. Med. 2019, 160, 105630. [Google Scholar] [CrossRef] [PubMed]

	



Stielke, A.; Dyakova, M.; Ashton, K.; van Dam, T. The social and economic benefit of health literacy interventions in the WHO EURO region. Eur. J. Public Health 2019, 29, ckz186–ckz390. [Google Scholar] [CrossRef]

	



Peltzer, S.; Hellstern, M.; Genske, A.; Jünger, S.; Woopen, C.; Albus, C. Health literacy in persons at risk of and patients with coronary heart disease: A systematic review. Soc. Sci. Med. 2020, 245, 112711. [Google Scholar] [CrossRef] [PubMed]

	



Walters, R.; Leslie, S.J.; Polson, R.; Cusack, T.; Gorely, T. Establishing the efficacy of interventions to improve health literacy and health behaviours: A systematic review. BMC Public Health 2020, 20, 1–17. [Google Scholar] [CrossRef]

	



Nutbeam, D.; Muscat, D.M. Advancing Health Literacy Interventions. Stud. Health Technol. Inform. 2020, 269, 115–127. [Google Scholar]

	



Office of Disease Prevention Health Promotion. National Action Plan. To Improve Health Literacy; US Department of Health & Human Services: Washington, DC, USA, 2010.

	



Australian Commission on Safety and Quality in Health Care. National Statement on Health Literacy; Australian Commission on Safety and Quality in Health Care: Sydney, Australia, 2014.

	



Schaeffer, D.; Gille, S.; Hurrelmann, K. Implementation of the National Action Plan Health Literacy in Germany—Lessons Learned. Int. J. Environ. Res. Public Health 2020, 17, 4403. [Google Scholar] [CrossRef] [PubMed]

	



Trezona, A.; Rowlands, G.; Nutbeam, D. Progress in implementing national policies and strategies for health literacy—what have we learned so far? Int. J. Environ. Res. Public Health 2018, 15, 1554. [Google Scholar] [CrossRef]

	



Sørensen, K.; Trezona, A.; Levin-Zamir, D.; Kosir, U.; Nutbeam, D. Transforming health systems and societies by investing in health literacy policy and strategy. Public Health Panor. 2019, 5, 259–263. [Google Scholar]

	



Dietscher, C.; Pelikan, J.; Bobek, J.; Nowak, P. The Action Network on Measuring Population and Organizational Health Literacy (M-POHL): A network under the umbrella of the WHO European Health Information Initiative (EHII). Public Health Panor. 2019, 5, 65–71. [Google Scholar]

	



Russ, S.A.; Larson, K.; Tullis, E.; Halfon, N. A lifecourse approach to health development: Implications for the maternal and child health research agenda. Matern. Child. Health J. 2014, 18, 497–510. [Google Scholar] [CrossRef]

	



Khoury, M.J.; Iademarco, M.F.; Riley, W.T. Precision public health for the era of precision medicine. Am. J. Prev. Med. 2016, 50, 398–401. [Google Scholar] [CrossRef] [PubMed]

	



Basili, C. Information literacy requirements for open science. In Pathways into Information Literacy and Communities of Practice; Elsevier: Amsterdam, The Netherlands, 2017; pp. 229–248. [Google Scholar]

	



Košir, U.; Sørensen, K. COVID-19: The key to flattening the curve is health literacy. Perspect. Public Health 2020. [Google Scholar] [CrossRef] [PubMed]

	



Australian Government Department of Health. National Action Plan. for the Health of Children and Young People 2020–2030; Australian Government Department of Health: Canberra, Australia, 2019.

	



Gluckman, P.D.; Hanson, M.A.; Cooper, C.; Thornburg, K.L. Effect of in utero and early-life conditions on adult health and disease. N. Engl. J. Med. 2008, 359, 61–73. [Google Scholar] [CrossRef]

	



Evans, G.W.; Li, D.; Whipple, S.S. Cumulative risk and child development. Psychol. Bull. 2013, 139, 1342–1396. [Google Scholar] [CrossRef] [PubMed]

	



Pudrovska, T.; Anikputa, B. Early-life socioeconomic status and mortality in later life: An integration of four life-course mechanisms. J. Gerontol. Ser. B Psychol. Sci. Soc. Sci. 2014, 69, 451–460. [Google Scholar] [CrossRef] [PubMed]

	



Shanahan, L.; Copeland, W.E.; Costello, E.J.; Angold, A. Child-, adolescent-, and young adult-onset depressions: Differential risk factors in development? Psychol. Med. 2011, 41, 2265–2274. [Google Scholar] [CrossRef] [PubMed]

	



Dolley, S. Big data’s role in precision public health. Front. Public Health 2018, 6, 1–12. [Google Scholar] [CrossRef]

	



L’heureux, A.; Grolinger, K.; Elyamany, H.F.; Capretz, M.A.M. Machine learning with big data: Challenges and approaches. IEEE Access 2017, 5, 7776–7797. [Google Scholar] [CrossRef]

	



Mooney, S.J.; Pejaver, V. Big data in public health: Terminology, machine learning, and privacy. Annu. Rev. Public Health 2018, 39, 95–112. [Google Scholar] [CrossRef]

	



Shang, X.; Li, Y.; Xu, H.; Zhang, Q.; Liu, A.; Du, S.; Guo, H.; Ma, G. Leading dietary determinants identified using machine learning techniques and a healthy diet score for changes in cardiometabolic risk factors in children: A longitudinal analysis. Nutr. J. 2020, 19, 1–16. [Google Scholar] [CrossRef]

	



Zhang, L.; Shang, X.; Sreedharan, S.; Yan, X.; Liu, J.; Keel, S.; Wu, J.; Peng, W.; He, M. Predicting the Development of Type 2 Diabetes in a Large Australian Cohort Using Machine-Learning Techniques: Longitudinal Survey Study. JMIR Med. Inform. 2020, 8, e16850. [Google Scholar] [CrossRef] [PubMed]

	



Goldfeld, S.; Gray, S.; Azpitarte, F.; Cloney, D.; Mensah, F.; Redmond, G.; Williams, K.; Woolfenden, S.; O’Connor, M. Driving precision policy responses to child health and developmental inequities. Health Equity 2019, 3, 489–494. [Google Scholar] [CrossRef] [PubMed]

	



Ashley, E.A. The precision medicine initiative: A new national effort. JAMA 2015, 313, 2119–2120. [Google Scholar] [CrossRef] [PubMed]

	



Taylor-Robinson, D.; Kee, F. Precision public health—the Emperor’s new clothes. Int. J. Epidemiol. 2019, 48, 1–6. [Google Scholar] [CrossRef]

	



Smith, J.A.; Judd, J. COVID-19: Vulnerability and the power of privilege in a pandemic. Health Promot. J. Aust. 2020, 31, 158. [Google Scholar] [CrossRef]

	



Rasmussen, S.A.; Khoury, M.J.; Del Rio, C. Precision Public Health as a Key Tool in the COVID-19 Response. JAMA 2020, 324, 933–934. [Google Scholar] [CrossRef]

	



Nosek, B.A.; Alter, G.; Banks, G.C.; Borsboom, D.; Bowman, S.D.; Breckler, S.J.; Buck, S.; Chambers, C.D.; Chin, G.; Christensen, G. Promoting an open research culture. Science 2015, 348, 1422–1425. [Google Scholar] [CrossRef]

	



Camerer, C.F.; Dreber, A.; Holzmeister, F.; Ho, T.-H.; Huber, J.; Johannesson, M.; Kirchler, M.; Nave, G.; Nosek, B.A.; Pfeiffer, T.; et al. Evaluating the replicability of social science experiments in Nature and Science between 2010 and 2015. Nat. Hum. Behav. 2018, 2, 637–644. [Google Scholar] [CrossRef]

	



Open Science Collaboration. Estimating the reproducibility of psychological science. Science 2015. [Google Scholar] [CrossRef]

	



Peng, R.D.; Dominici, F.; Zeger, S.L. Reproducible epidemiologic research. Am. J. Epidemiol. 2006, 163, 783–789. [Google Scholar] [CrossRef]

	



National Health and Medical Research Council. Open Access Policy; NHMRC: Canberra, Australia, 2018.

	



Franco, A.; Malhotra, N.; Simonovits, G. Publication bias in the social sciences: Unlocking the file drawer. Science 2014, 345, 1502–1505. [Google Scholar] [CrossRef] [PubMed]

	



Barton, C.J.; Merolli, M.A. It is time to replace publish or perish with get visible or vanish: Opportunities where digital and social media can reshape knowledge translation. Br. J. Sports Med. 2019, 53, 594–598. [Google Scholar] [CrossRef] [PubMed]

	



Nosek, B.A.; Ebersole, C.R.; DeHaven, A.C.; Mellor, D.T. The preregistration revolution. Proc. Natl. Acad. Sci. USA 2018, 115, 2600–2606. [Google Scholar] [CrossRef] [PubMed]

	



Harper, S. A Future for Observational Epidemiology: Clarity, Credibility, Transparency. Am. J. Epidemiol. 2019, 188, 840–845. [Google Scholar] [CrossRef] [PubMed]

	



Harnett, S. Health literacy tool shed: A source for validated health literacy instruments. J. Consum. Health Internet 2017, 21, 78–86. [Google Scholar] [CrossRef]

	



Allen, C.; Mehler, D.M.A. Open science challenges, benefits and tips in early career and beyond. Plos Biol. 2019, 17, e3000246. [Google Scholar]

	



Canadian government. Canadian Institutes of Health Research. Knowledge Translation Strategy 2004–2009; Canadian Insitutes of Health Research: Ottawa, ON, Canada, 2004.

	



Nilsen, P. Making sense of implementation theories, models and frameworks. Implement. Sci. 2015, 10, 53. [Google Scholar] [CrossRef]

	



Tabak, R.G.; Khoong, E.C.; Chambers, D.A.; Brownson, R.C. Bridging research and practice: Models for dissemination and implementation research. Am. J. Prev. Med. 2012, 43, 337–350. [Google Scholar] [CrossRef]

	



Rushmer, R.; Ward, V.; Nguyen, T.; Kuchenmüller, T. Knowledge translation: Key concepts, terms and activities. In Population Health Monitoring; Springer: Berlin, Germany, 2019; pp. 127–150. [Google Scholar]

	



Morris, Z.S.; Wooding, S.; Grant, J. The answer is 17 years, what is the question: Understanding time lags in translational research. J. R. Soc. Med. 2011, 104, 510–520. [Google Scholar] [CrossRef]

	



Caballero, A.; Leath, K.; Watson, J. COVID-19 consumer health information needs improvement to be readable and actionable by high-risk populations. Front. Commun. 2020, 5, 56. [Google Scholar] [CrossRef]

	



Ali, M.Y.; Bhatti, R. COVID-19 (Coronavirus) Pandemic: Information Sources Channels for the Public Health Awareness. Asia Pac. J. Public Health 2020. [Google Scholar] [CrossRef] [PubMed]

	



Australian Commission on Safety and Quality in Health Care. Health literacy: Taking Action to Improve Safety and Quality, 25 August 2014. Available online: https://www.safetyandquality.gov.au/wp-content/uploads/2014/08/Health-Literacy-Taking-action-to-improve-safety-and-quality.pdf (accessed on 20 July 2020).

	



Batterham, R.W.; Hawkins, M.; Collins, P.A.; Buchbinder, R.; Osborne, R.H. Health literacy: Applying current concepts to improve health services and reduce health inequalities. Public Health 2016, 132, 3–12. [Google Scholar] [CrossRef] [PubMed]

	



LaRocca, R.; Yost, J.; Dobbins, M.; Ciliska, D.; Butt, M. The effectiveness of knowledge translation strategies used in public health: A systematic review. BMC Public Health 2012, 12, 751. [Google Scholar] [CrossRef] [PubMed]

	



Batterham, R.W.; Buchbinder, R.; Beauchamp, A.; Dodson, S.; Elsworth, G.R.; Osborne, R.H. The OPtimising HEalth LIterAcy (Ophelia) process: Study protocol for using health literacy profiling and community engagement to create and implement health reform. BMC Public Health 2014, 14, 694. [Google Scholar] [CrossRef]

	



Nash, R.; Elmer, S.; Thomas, K.; Osborne, R.; MacIntyre, K.; Shelley, B.; Murray, L.; Harpur, S.; Webb, D. HealthLit4Kids study protocol; crossing boundaries for positive health literacy outcomes. BMC Public Health 2018, 18, 690. [Google Scholar] [CrossRef] [PubMed]

	



Farmanova, E.; Bonneville, L.; Bouchard, L. Organizational health literacy: Review of theories, frameworks, guides, and implementation issues. Inq. J. Health Care Organ. Provis. Financ. 2018, 55, 0046958018757848. [Google Scholar] [CrossRef]

	



Okan, O.; Kirchhoff, S.B.U. Health Literate Schools: Whole School Approach and Organisational Change to Promote Health Literacy in the School Setting (HeLit-Schools). Available online: https://www.uni-bielefeld.de/(en)/erziehungswissenschaft/izgk/GeKoOrg-schule.html (accessed on 2 April 2020).

	



Okan, O.; Paakkari, L.; Dadaczynski, K. Health Literacy in Schools. State of the Art; Schools for Health in Europe Network Foundation: Haderslev, Denmark, 2020. [Google Scholar]

	



Hernán, M.A.; Robins, J.M. Causal Inference: What If; Chapman & Hall/CRC: Boca Raton, FL, USA, 2020. [Google Scholar]

	



Moreno-Betancur, M.; Moran, P.; Becker, D.; Patton, G.; Carlin, J.B. Defining mediation effects for multiple mediators using the concept of the target randomized trial. arXiv 2019, arXiv:1907.06734. [Google Scholar]

	



Hernán, M.A.; Robins, J.M. Using big data to emulate a target trial when a randomized trial is not available. Am. J. Epidemiol. 2016, 183, 758–764. [Google Scholar] [CrossRef]

	



Pinheiro, P. Future avenues for health literacy: Learning from literacy and literacy learning. In International Handbook of Health Literacy. Research, Practice and Policy across the Lifespan; Okan, O., Bauer, U., Levin-Zamir, D., Pinheiro, P., Sørensen, K., Eds.; Policy Press: Bristol, UK, 2019; pp. 555–572. [Google Scholar]

	



Papen, U. Literacy, Learning and Health–A social practices view of health literacy. Lit. Numer. Stud. 2008, 16, 19–35. [Google Scholar] [CrossRef]

	



Saboga Nunes, L.; Sahrai, D.; Bittlingmayer, U.H.; Okan, O. Health Literacy Anthology New Approaches, New Insights on Health Literacy Research; Springer: Wiesbaden, Germany, 2020. [Google Scholar]

	



Kevin, D.; Orkan, O.; Rathmann, K. Health Literacy in Times of Coronavirus and COVID-19. Available online: https://covid-hl.eu/ (accessed on 20 July 2020).

	



Dadaczynski, K.; Okan, O.; Messer, M.; Rathmann, K. Digital Health Literacy of University Students in Germany. Results from a Nation-Wide Online Survey; Bielefeld University: Bielefeld, Germany, 2020. [Google Scholar]

	



Dietscher, C.; Pelikan, J. The action network for measuring population and organizational health literacy (M-POHL) and its Health Literacy Survey 2019 (HLS19). Eur. J. Public Health 2019, 29, ckz185–ckz556. [Google Scholar] [CrossRef]

	



Gagliardi, A.R.; Berta, W.; Kothari, A.; Boyko, J.; Urquhart, R. Integrated knowledge translation (IKT) in health care: A scoping review. Implement. Sci. 2015, 11, 38. [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]

	



Okan, O.; Lopes, E.; Bollweg, T.M.; Bröder, J.; Messer, M.; Bruland, D.; Bond, E.; Carvalho, G.S.; Sørensen, K.; Saboga-Nunes, L.; et al. 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]

	



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

	



Hickey, G.L.; Grant, S.W.; Dunning, J.; Siepe, M. Statistical primer: Sample size and power calculations-why, when and how? Eur. J. Cardio Thorac. Surg. Off. J. Eur. Assoc. Cardio Thorac. Surg. 2018, 54, 4–9. [Google Scholar] [CrossRef] [PubMed]

	



Williams, T.C.; Bach, C.C.; Matthiesen, N.B.; Henriksen, T.B.; Gagliardi, L. Directed acyclic graphs: A tool for causal studies in paediatrics. Pediatric Res. 2018, 84, 487. [Google Scholar] [CrossRef]

	



Margarita, M.-B. Analysis Plan. Template for Life-Course Cohort Studies; The University of Melbourne: Melbourne, Australia, 2020. [Google Scholar]

	



Zhou, L.; Pan, S.; Wang, J.; Vasilakos, A.V. Machine learning on big data: Opportunities and challenges. Neurocomputing 2017, 237, 350–361. [Google Scholar] [CrossRef]

	



Schaefer, N.; Meyer, S.; Hicks, A. Creating a tool to identify precision public health data sets. In APHA’s 2019 Annual Meeting and Expo; American Public Health Association: Philadelphia, PA, USA, 2019. [Google Scholar]

	



Flahault, A.; Utzinger, J.; Eckerle, I.; Sheath, D.J.; de Castañeda, R.R.; Bolon, I.; Bempong, N.-E.; Andayi, F. Precision global health for real-time action. Lancet Digit. Health 2020, 2, e58–e59. [Google Scholar] [CrossRef]

	



Zarocostas, J. How to fight an infodemic. Lancet 2020, 395, 676. [Google Scholar] [CrossRef]

	



Hudson, J. Coping with information overload in the COVID-19 age: A compilation of trustworthy information sources. JGCR 2020, 7, 43. [Google Scholar]

	



Grimshaw, J.M.; Eccles, M.P.; Lavis, J.N.; Hill, S.J.; Squires, J.E. Knowledge translation of research findings. Implement. Sci. 2012, 7, 50. [Google Scholar] [CrossRef] [PubMed]

	



Health Canada. Knowledge Translation Planner; The Minister of Health: Ottawa, ON, Canada, 2017; pp. 1–44.








[image: Ijerph 17 07650 g001 550] 





Figure 1. A life-course approach to health literacy (HL) and its impact on health and social outcomes. 
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Table 1. Applying life-course models to health literacy research.
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	Type of Models
	Purpose
	Example of Health Literacy Research Questions





	The sensitive period model
	To examine timing effects in which exposures during sensitive periods of development have stronger effects on health, social, emotional, and cognitive development outcomes than they would have at other life stages [63].
	
	
To examine and compare the effect of parental health literacy during pregnancy and infancy on infant and child health outcomes.



	
To examine and compare the different timing effects of risk or protective factors (e.g., socioeconomic status) in early years on health literacy in later years.








	The accumulation model
	To examine the role of persistent advantage or disadvantage over time—in both specific life stages and over life stages—on health and development [64].
	
	
To examine the role of persistent advantage or disadvantage (e.g., socioeconomic status, ethnic minorities) on health literacy in a specific life stage and over the life course.



	
To examine the effect of persistent high or low health literacy (e.g., using the growth-based trajectory modelling method) on health outcomes over the life course.








	The pathway model
	To examine the pathway effects whereby early experiences set in motion a chain of events that put individuals on paths differentiated by types and levels of exposures to social and biological factors [65].
	
	
To examine the mediating role of health literacy (e.g., adolescent health literacy) in the relationship between socioeconomic disadvantage and health outcomes.








	The social mobility model
	To examine the unique importance of social mobility in explaining the early-life and later-life socioeconomic status and health link [66].
	
	
To examine whether the effect of later-life exposure (e.g., socioeconomic status, immigration status) on health literacy is stronger than the effect of early-life exposure.
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Table 2. Applying open science to health literacy research and practice.
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	Action Area
	Health Literacy at Different Levels(Individual, Organization, National, and Global)





	Preregistration
	
	
A preregistered protocol for interventional studies, such as randomized controlled trials or quasi-experimental research (e.g., ClinicalTrials.gov, International Clinical Trials Registry Platform)



	
Use the LifeCourse analysis plan template (https://doi.org/10.26188/12471380) to build a research proposal and refine data analytic approach for observational studies



	
A focus on the prespecified hypothesis rather than hypothesis driven from post hoc data analyses








	Open materials
	
	
Make documentation of materials and data explicit and easy-to-find in the directory



	
Make health literacy measurement tools available on the public repository with corresponding documentation (e.g., Health Literacy Tool Shed)



	
Make the components of the research methodology publicly available for others to reproduce the reported procedure and analyses



	
Document all study variables in a separate spreadsheet, including label description and response options.



	
Write annotated do-files for dataset creation, variable creation and data analysis, including decisions about cut-offs and relevant references



	
Share data coding on an open-access repository with corresponding documentation (e.g., Open Science Framework, Figshare)



	
Document major deviations from the analysis plan in a data analysis log



	
Make the publications open access for the public, including additional materials (e.g., variable description, additional analyses) in the supplementary files when required








	Open data
	
	
Be clear about data security policy about participants’ privacy and confidentiality



	
Have a fully traceable path from the source dataset to the paper working dataset



	
Include “data availability statement” in publications even if data sharing is not possible or advisable



	
Make health literacy data available on an open-access repository with corresponding documentation (e.g., Open Science Framework, Figshare) whenever possible



	
Report statistical results according to “ATOMIC” recommendations: accept uncertainty, be thoughtful, open, and modest, and institutional change
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