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Abstract

:

Sickle cell disease (SCD) is a genetic disease that has multiple aspects including public health and clinical aspects. The goals of the research study were to (1) understand the public health aspects of sickle cell disease, and (2) understand the overlap between public health aspects and clinical aspects that can inform research and practice beneficial to stakeholders in sickle cell disease management. The approach involved the construction of datasets from textual data sources produced by experts on sickle cell disease including from landmark publications published in 2020 on sickle cell disease in the United States. The interactive analytics of the integrated datasets that we produced identified that community-based approaches are common to both public health and clinical aspects of sickle cell disease. An interactive visualization that we produced can aid the understanding of the alignment of governmental organizations to recommendations for addressing sickle cell disease in the United States. From a global perspective, the interactive analytics of the integrated datasets can support the knowledge transfer stage of the SICKLE recommendations (Skills transfer, Increasing self-efficacy, Coordination, Knowledge transfer, Linking to adult services, and Evaluating readiness) for effective pediatric to adult transition care for patients with sickle cell disease. Considering the increased digital transformations resulting from the COVID-19 pandemic, the constructed datasets from expert recommendations can be integrated within remote digital platforms that expand access to care for individuals living with sickle cell disease. Finally, the interactive analytics of integrated expert recommendations on sickle cell disease management can support individual and team expertise for effective community-based research and practice.
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1. Introduction


Sickle cell disease (SCD) is a group of life-threatening inherited disorders (sickle cell anemia, sickle cell-hemoglobin C disease, and the sickle cell-β-thalassemias) caused by changes in the gene that encodes hemoglobin subunit beta, a component of the oxygen carrying hemoglobin protein of the red blood cells [1,2]. The most common genotype of sickle cell disease is sickle cell anemia (SCA), where the gene for the changed protein form is inherited from both parents [3]. Sickle cell anemia has a high prevalence in people of African ancestry [4]. Although Sickle Cell Disease (SCD) is a monogenic disease, there is a heterogeneity in clinical manifestations including stroke, pain, renal failure and pulmonary hypertension [5,6]. In the United States, the statistics on sickle cell disease include: (1) sickle cell disease affects approximately 100,000 Americans; (2) sickle cell disease occurs among about (a) 1 out of every 365 Black or African-American births, and (b) 1 out of every 16,300 Hispanic-American births; and (3) about 1 in 13 Black or African-American babies is born with sickle cell trait (SCT) [7].



The primary goal of the research study reported here is to understand the public health aspects of sickle cell disease. A secondary goal is to understand the overlap between public health aspects and clinical aspects that can inform research and practice beneficial to stakeholders of sickle cell disease management. The public health aspects of interest are prevalence, impact on health, health costs, and health promotion. In the United States, programs with a focus on public health aspects of sickle cell available through the Centers for Disease Control and Prevention include: (1) the Registry and Surveillance System for Hemoglobinopathies (RuSH); (2) Public Health Research, Epidemiology, and Surveillance for Hemoglobinopathies (PHRESH) and (3) the Sickle Cell Data Collection (SCDC) Program [8] (Figure 1).



These public health projects on sickle cell disease provide data and reports that can be the basis for understanding the public health aspects of sickle cell disease. We have selected to focus our investigation on the RuSH project because it is the first in the series of surveillance (monitoring) projects that started in 2010 by the Centers for Disease Control and Prevention. Additionally, the report (health promotion and data collection) is from seven participating states, making it more comprehensive than the PHRESH (three states) and SCDC (two states). The RuSH report on health promotion contains information on health promotion strategies that are state-specific, population-based, and take into account health status, treatment and healthcare utilization (Figure 2) [9,10]. A challenge to using the report to understand public health aspects is that the information is presented as individual project reports. Therefore, an integration of the sections (an example of textual datasets) in the 2012 Registry and Surveillance System for Hemoglobinopathies (RuSH) report on health promotion is one of the goals of our study. The sections are Program Overview; Resources Needed; Benefits; Outcomes; and Lessons Learned (Figure 3).



In September 2014, the National Heart, Lung and Blood Institute (NHLBI) of the U.S. National Institutes of Health (NIH) published an expert panel report that provides a synthesis of available scientific evidence on sickle cell disease and offers guidance to busy primary care clinicians [6]. This NHLBI expert panel report on sickle cell disease management (also referred here as the 2014 NHLBI SCD report or 2014 NHLBI report) consists of seven chapters and presents recommendations on the management of clinical aspects of sickle cell disease including managing acute and chronic complications. We reason that the citation context of the 2014 NHLBI SCD report in journal articles could contain public health aspects (Figure 4). Additionally, comparing textual data from the 2012 RuSH report and 2014 NHLBI SCD report will reveal themes for sickle cell disease collaboration between clinical and public health professionals.



In 2019 and 2020, additional expect panel recommendations on the clinical and public health aspects of sickle cell disease were published. The American Society of Hematology (ASH) published sickle cell disease clinical practice recommendations on cardiopulmonary and kidney disease, transfusion support, cerebrovascular disease, and the management of acute and chronic pain [11,12,13,14]. The clinical aspects in the 2019–2020 ASH SCD guidelines overlap with the 2014 NHLBI SCD report presenting opportunities for comparisons and integrations of the expert panel recommendations.



In September 2020, the National Academies of Sciences, Engineering, and Medicine (NASEM) published a consensus study report titled “Addressing Sickle Cell Disease: A Strategic Plan and Blueprint for Action”, which includes eight overarching strategies and associated recommendations to accomplish a strategic vision of “long, healthy, productive lives for those living with sickle cell disease and those with sickle cell trait” [15]. Among the 2020 NASEM SCD report recommendations are strategic partnerships that include community-based organizations and patient advocates. For example, Strategy E of the 2020 NASEM SCD report aims to “Improve sickle cell disease awareness and strengthen advocacy efforts through targeted education and strategic partnerships among the U.S. Department of Health and Human Services, health care providers, advocacy groups and community-based organizations, professional associations, and other key stakeholders (e.g., media and state health departments).”



These expert panel or consensus study reports, which encode expert knowledge on sickle cell disease, are voluminous, professionally-collected textual data sources that are suitable for constructing integrated datasets from multi-faceted data and interactive analytics to support knowledge-based effective community-based research and practice. Multi-faceted data have been classified as multi-dimensional, multi-variate, multi-modal, multi-run and multi-model [16]. Furthermore, interactive analytics is used, where a stored dataset can be queried in an ad-hoc manner in order to find useful information quickly [17]. We have applied visual analytics software to design and implement interactive analytics resources for use with or without access to internet-stored content [18,19,20].



The four objectives to help inform research and practice beneficial to stakeholders in sickle cell disease management are:




	
Construct datasets on textual data (sentences) in the sections of the RuSH Report on strategies for health promotion in sickle cell disease.



	
Design and implement interactive visual representations of textual data (sentences) in the sections of the RuSH Report on strategies for health promotion in sickle cell disease.



	
Determine themes in textual data on public health aspects and clinical aspects of sickle cell disease.



	
Design visual representations for comparing and integrating recommendations from expert reports on sickle cell disease in the United States.









2. Methods


2.1. Overview


Interactive analytics is used, where a stored dataset can be queried in an ad-hoc manner in order to find useful information quickly [17]. Interactive analytics involves human interaction with stored datasets through software such as those for constructing visualizations that support complex cognitive activities [20]. Complex cognitive activities include learning, decision-making, sense-making, knowledge discovery and planning [21]. The data to be interacted with are textual, where the textual structure of interest is the sentence (a combination of text strings), which is a textual unit of natural language processing applications [22] and a method of knowledge representation [23]. We also implement software generated word (tag) clouds as an interactive analytics technique [24].




2.2. Construction of Datasets


The Registry and Surveillance System for Hemoglobinopathies (RuSH) report on strategies for health promotion was the data source for constructing datasets on sentences associated with public health aspects of sickle cell disease. These sentences in the RuSH report constitute the content of the sections (Program Overview; Resources Needed; Benefits; Outcomes; and Lessons Learned) and were copied and stored in a spreadsheet file. Two datasets were constructed from the RuSH report: (1) the RuSH Strategies Dataset: Text Sentences from Sections of the Report; and (2) the RuSH Sites Dataset. The records in the datasets were annotated with record and sentence identifiers to facilitate integration of datasets. We constructed a dataset of titles of up to 100 scholarly publications citing the 2014 NHLBI Expert Panel Report on Evidence-Based Management of Sickle Cell Disease by searching the Google Scholar database. The title of the scholarly publication was selected since an informative title for a scholarly article will have “conveyed at least some general idea of the paper’s content, without recourse to other sources of information such as the abstract, the journal title, or the paper itself” [25].



The three expert reports on sickle cell disease (2014 NHLBI, 2019–2020 ASH, and 2020 NASEM) are the sources of textual data for constructing datasets of textual structures including words, phrases, sentences, and paragraphs [5,11,12,13,14,15]. For the 2014 NHLBI report, we constructed datasets of sentences from the text on key questions, associated recommendations (strong, moderate, weak, and consensus) and evidence (adapted, high-quality, moderate-quality, low-quality, very-low quality, and panel expertise). For the 2019–2020 ASH SCD guidelines, the questions, clinical practice, recommendation text, recommendations (conditional or strong) and associated evidence (high, moderate, low and very low) were used to construct datasets. For the NASEM SCD report, the document on the overview of the recommendations and strategic plan was the source for datasets including statements on recommendations and associated governmental agencies.




2.3. Development of Interactive Visual Representations


Visual representations can be in categories of plots and charts; maps; graphs, trees and networks; glyph and multidimensional icons; and enclosure diagrams [21]. The initial interactive visual representations developed were enclosure diagrams of the form of data tables or matrices. The interactive visual representations of the datasets were designed and implemented as views or dashboards in Tableau Desktop Professional (Tableau Inc. Washington, DC, USA) [26]. The collection of views and dashboards are available on the Tableau Public website.



Additionally, word clouds (or tag clouds) were constructed with software for sets of textual data (sentences) to compare the frequency of words between the datasets on public health aspects and clinical aspects of sickle cell disease. Word (tag) clouds, among other functions, facilitate rapid analysis of textual collections, knowledge integration, as well as meaningful and efficient ways of learning [27,28]. Word cloud is an interactive analytics technique [24].





3. Results and Discussion


3.1. Overview


Since the initial publication in 1910 of sickle shaped red blood cells, there have been thousands of scholarly publications on sickle cell disease. Textual data structures (such as symbols, words, phrases, sentences, paragraphs, figures, tables, documents and topics) from these scholarly publications are encoded in natural language and present prospects for constructing qualitative and quantitative datasets. We have constructed datasets and associated interactive visualizations to conduct interactive analytics of textual data structures on public aspects and clinical aspects of sickle cell disease. Our report presents a unique collection of data products that include landmark scholarly publications in the year 2020 from the American Society of Hematology and the National Academies of Science, Engineering and Medicine. The evidence or expert recommendations provide principles or guidelines for building a knowledgeable workforce for addressing sickle cell disease. Principle is one of the five types of knowledge that is a far-transfer task of decision making, where a professional has to consider the variables associated with the professional situation and decide on a solution to the task. The learning strategies of principles including simulations that allow for several perspectives to be tested by the learner. Thus, our interactive analytics computational resources for sickle cell disease guidelines has the potential to support lifelong learning through creativity and collaboration for continued development of individual and team professional expertise [29,30,31,32,33]. We present the results and discussion section to align with the four objectives.




3.2. Datasets and Interactive Visualizations on Health Promotion in Sickle Cell Disease


The sources of data were the Registry and Surveillance System for Hemoglobinopathies (RuSH) report and a collection of titles of journal articles citing the 2014 Evidence-Based Management of Sickle Cell Disease (NHLBI 2014 SCD report). The three datasets constructed from the two reports were in two categories: (1) RuSH report; and (2) Evidence-Based Management of Sickle Cell Disease (SCD) (Table 1, Table 2 and Table 3). There are eight sites in seven states: California (two RuSH sites), Florida, Georgia, Michigan, New York and North Carolina (Table 3). The themes of the health promotion activities of the hemoglobinopathy sites include: (1) focus group and stakeholder meetings; (2) online database resources; (3) provider network and directory; (4) community speaker panel; (5) health status assessment; (6) faith-based community outreach; and (7) a toll-free phone number for health care referrals.



The textual data structure (sentence) obtained from the report provides a knowledge representation that can be analyzed for knowledge content types (fact, concept, process, procedure and principle) [34] to provide deeper understanding for humans as well as computational processing. In the collection of seven sentences in Table 3, four sentences have the word “information” in the sentence, allowing us to have an integrated representation of the knowledge from the sentences from different sections of a site report.



In addition to the health promotion aspects, the RuSH project developed three-level case definitions and multiple data sets were used to collect information [35]. Our datasets on textual sentences of the RuSH health promotion report and titles of articles citing the NHLBI expert panel report is a novel contribution to integrating knowledge on public health aspects and clinical aspects of sickle cell disease. Online access to the datasets and visualizations are available as Supplementary Material. We previously constructed datasets and interactive visualizations to inform health promotion [18,20]. The interactive resources developed here allow users of the resources to explore scholarly publications for knowledge on the clinical and public health aspects of sickle cell disease.



The need to expand the understanding of the cause of sickle cell disease presents a significant and continuous need for new discoveries on all aspects of this hemoglobinopathy including clinical (individual) and public health (population) aspects. The public health significance of sickle cell disease is demonstrated by recent public law from the 115th United States Congress that amends the Public Health Service Act and is titled “Sickle Cell Disease and Other Heritable Blood Disorders Research, Surveillance, Prevention, and Treatment Act of 2018” (Public Health Law No. 115–327) [36,37].



During the surveillance period of 2004 to 2008, 39,633 individuals in Florida had a hemoglobinopathy diagnosis [35]. The RuSH site in Florida reported on building a provider network and directory (Figure 3 and Table 2). A search to retrieve sentences that contain the word “provider” retrieved 44 sentences from the reports contributed from six sites, with 15 associated with the RuSH site in Florida (Figure 5). The interactive analytics design includes a drop list menu (State, RuSH Name, Sentence ID and Report Component) for interacting with the underlying textual data. As part of the visualization, the sentences are color coded by the report section. The goals for visual analysis of data can be interaction, representation and analysis [16]. The options in the drop lists allow for modification of the interaction, visual representation and analysis.



The approaches of integrating datasets (such as visually-supported interactive analytics) from multiple aspects of sickle cell disease are increasingly needed for addressing surveillance and knowledge gaps on sickle cell disease in the United States and other countries [36,37]. The 2018 legislation on sickle cell disease in the United States includes the expansion of the Sickle Cell Data Collection (SCDC) system, a multi-data source, multi-organization, population-based, longitudinal system of the Centers for Disease Control and Prevention (CDC) [37]. Thus, there is an anticipated significant increase in public health datasets on sickle cell disease that must be transformed into knowledge for diverse applications.



The SCDC data resources could also provide real world datasets for public health data science education. Research and learning activities in undergraduate and graduate programs on public health can be guided by frameworks for data science challenges. The dimensions of data science challenges according to the National Data Science Consortium are Data Flow (access, collection, movement and storage), Data Curation (cleaning, description, preservation, publication, and security), and Data Analytics (modeling and simulation, statistical analysis, and visual analytics) [38]. The interactive analytics here are implemented with visual analytics tools.



Since the 2014 NHLBI guidelines on management of sickle cell disease, according to researchers of the OneFlorida Clinical Data Research Network (CDRN), there has been a slight, but statistically significant, increase in Hydroxyurea Utilization (HU) for the treatment of sickle cell anemia in Florida [39]. The research study also identified 13 comprehensive sickle cell centers based on “(1) local expert opinion, (2) review of the American Society of Hematology Find a Hematologist database, and (3) involvement in recent multicenter clinical trials.”




3.3. Themes in Textual Data on Public Health and Clinical Aspects of Sickle Cell Disease


We have collected 99 journal articles that cited the 2014 NHLBI expert panel report on evidence-based management of sickle cell disease. We have constructed a dashboard to connect to the web page of the citing journal article in Google Scholar as well as the journal article in the publisher’s or full text web page (Figure 6). This connection to scholarly communication resources ensures that the interactive analytics resources developed have continuous relevance for tracking public health and clinical aspects that cite the NHLBI expert panel report on sickle cell disease management. An example citing article published in 2016 has the title “Feasibility of a community-based sickle cell trait testing and counseling program”. The citing articles subsequently citing the feasibility study include at least two that have a focus on screening for sickle cell trait in African Americans (Figure 6a). The clinical and public health implications of the sickle cell trait continues to be relevant in the United States [40]. For example, sickle cell trait is associated with chronic kidney disease [41,42].



The titles of other public health related articles citing the NHLBI expert panel report are: (1) “Recent treatment guidelines for managing adults patients with sickle cell disease: challenges in access to care, social issues, and adherence; and, (2) “Sickle cell disease in adults: developing an appropriate care plan”. Examples of clinical aspects retrieved are: (1) “Acute splenic sequestration crisis in adult sickle cell disease: a report of 16 cases”; (2) “Red blood cell minor antigen mismatches during chronic transfusion therapy for sickle cell anemia”; and, (3) “Effect of hydroxyurea therapy on pulmonary function in children with sickle cell anemia”. The topic of treatment and care is a topic of clinical and public health aspects of sickle cell disease. An integrated perspective is home-based care of sickle cell disease, especially in circumstances that prevent out-patient primary care [43]. These scholarly publications contain knowledge learning objects for recycling knowledge [44] and generating new knowledge [45]. Our interactive analytics approach provides an environment to interact with the knowledge learning objects on sickle cell disease and support the performance of learning and other complex cognitive activities [21].



We compared the text extracted from the RuSH report to the titles of the journal articles citing the NHLBI expert panel report (Figure 7). The words identified can be further analyzed into groups depending on the public health or clinical aspects of interest to a professional. Some public health relevant words from the RuSH word cloud are barriers, faith-based, outreach, services, and surveillance. The RuSH word cloud reveals the word “information” among the top occurring words along with worlds health, RuSH and SCD. Information, along with data, evidence and knowledge, is a central concept in health informatics and data science [46]. According to the Data–Information–Evidence–Knowledge (DIEK) framework: “data are raw symbols, which become information when they are contextualized. Information achieves the status of evidence in comparison to relevant standards.” Furthermore, “evidence is used to test hypotheses and is transformed into knowledge by success and consensus”. The DIEK framework has relevance to all aspects of sickle cell disease.



The word cloud for the journal articles citing the NHLBI report presents words describing clinical aspects such as treatment approaches (e.g., hydroxyurea, magnesium, transfusion, and transplantation), clinical manifestations (e.g., crisis, cholelithiasis, pain, pneumococcal, vaso-occlusive, and stroke), population (e.g., adolescents, adult, minority, pediatric, pregnancy, and youth), and human body structures (e.g., antigen, blood, chest, cord, hemoglobin, hip, platelets). The multiple population groups identified in the word cloud of titles citing the NHLBI expert panel report allude to the lifelong clinical aspects of sickle cell disease [6]. The population groups also present the need for research and practice on the public health aspects directed to specific populations. In particular, a globally recognized public health need is the effective pediatric to adult transition care for patients with sickle cell disease [47,48].



In April 2020, a multi-country task force (the USA, Europe, Middle East, and Africa) recommended a process of transition in this high risk period that includes Skills transfer, Increasing self-efficacy, Coordination, Knowledge transfer, Linking to adult services, and Evaluating readiness (the SICKLE recommendations) [48]. The SICKLE recommendations present opportunities to use interactive visualizations for the knowledge transfer on sickle cell disease knowledge content types to patients transitioning from pediatric to adult care. Among the knowledge items used to assess patient readiness for transition are: (1) name and type of the disease; (2) the main genetic and pathophysiological characteristics; (3) baseline hemoglobin level; (4) treatment, role of each drug; (5) adherence to treatment; (6) course of action in the event of pain, fever, or priapism; and (6) method for escalating analgesics [49]. We recently advocated for the use of knowledge visualization frameworks in the creation and transfer of complex public health knowledge [18]. Sickle cell disease is an example of complex public health knowledge, where effective, efficient and engaging (i.e., smarter) learning environments [50] on a large and sustainable scale are urgently needed in an era of social distancing due to the COVID-19 pandemic [51]. Furthermore, COVID-19 has led to the expansion of remotely supported access to health care (such as telemedicine, telehealth, ehealth, mhealth, virtual reality, augmented reality, remote treatment or therapy and digital therapeutics) [52]. The expert recommendations can be integrated within these remote digital platforms to expand access to care for individuals with sickle cell disease. Furthermore, the integrated datasets from sickle cell disease registries, such as Surveillance Epidemiology of Coronavirus (COVID-19) Under Research Exclusion [53,54], can enhance understanding of sickle cell disease.



We note that “community-based” is common to both the RuSH report and the NHLBI expert panel report. The advances in the past decade (2011 to 2020) on the therapy of sickle cell disease include: (1) modifying the patient’s genotype; (2) targeting hemoglobin S polymerization; (3) targeting vasocclusion; and (4) targeting inflammation [55]. These advances in genome science and technology have led to potential therapy for sickle cell disease using CRISPR genome editing technology. New genome-based technology for developing therapies presents opportunities for community-based participatory research [56,57,58].




3.4. Designs of Visual Representations for Comparing and Integrating Recommendations from Expert Reports on Sickle Cell Disease in the United States


The expert reports on sickle cell disease are resources for understanding the diverse aspects of sickle cell disease. Thus, we have constructed example designs of interactive analytics resources to support the outcomes of robust learning (long-term retention, transfer of learning and desire for future learning) of the diverse aspects of sickle cell disease in the evidence-based management of sickle cell disease expert panel report, 2014 (Figure 8). Learning requires interaction and navigation, thus presenting knowledge on sickle cell disease in interactive analytics that can be modified by learner will help promote robust learning, especially in the increasing circumstances of remote learning.



The availability of multiple expert recommendations also presents the need for resources to support comparisons and integration of recommendations. Therefore, we provide an example dashboard design to support the comparison and integration of recommendations from expert panels. In Figure 9, the dashboard design supports comparison and integration of recommendations on blood transfusion in sickle cell disease from guidelines in the 2014 NHLBI SCD report and the 2019–2020 ASH reports. A finding from this dashboard (Figure 9) is that in the case of sickle cell patients receiving chronic transfusion therapy, the 2019–2020 ASH guideline suggests the frequency of iron overload screening for liver iron content to be every 1 to 2 years, while the 2014 NHLBI guideline states that “the optimal frequency of assessment has not been established and will be based on the individual patient’s characteristics.” The dashboard combines the two clinical practice guidelines and can also support the recognition of differences that can be a basis for inquiry and investigation.



For within expert report comparison and integration, we constructed binary codes to represent presence (1) or absence (0) of features. In the 2020 ASH guidelines, we applied an eight-digit binary number to encode the patient group (digit 1 and 2: children, adult), strength of recommendation (digit 3 and 4: strong, conditional) and evidence about effects (digits 5, 6, 7 and 8: high, moderate, low and very low). Therefore, it is possible to group recommendations from multiple clinical aspects of sickle cell disease by an eight-digit binary number. We have previously used the binary number encoding for integrating data on farmers markets as well as obesity rates [18,20].



We constructed datasets and interactive analytics from the overview document of the 2020 National Academies of Science, Engineering and Medicine (NASEM) consensus report “Addressing Sickle Cell Disease: A Strategic Plan and Blueprint for Action” [15,59]. An example interactive analytics (Figure 10) allows for the comparison and integration of the eight strategies, associated recommendations and the governmental organizations. Through the interactive enclosure table visual (Figure 10), a stakeholder could explore the strategies and recommendations on the clinical and public health aspects of sickle cell disease. One of the 2020 NASEM strategies is “increase the number of qualified health professionals providing sickle cell disease care” and includes a recommendation for health professional organizations to support sickle cell disease providers through education, credentialing, networking, and advocacy. The education and credentialing efforts will require designing learning experiences for the complex knowledge content in expert reports and scholarly articles on sickle cell disease. An approach is to apply the framework of the five knowledge content types: facts, concepts, processes, procedures and principles [34]. In particular, the learning of the expert recommendations or guidelines can use suggested activities for learning principles such as analogies, simulations, and role play [60]. The implementation of the 2020 NASEM sickle cell disease strategies will require a new cadre of professionals who are able to perform data-related duties and tasks and participate in a sickle cell disease “research agenda to inform effective programs and policies across the life span.”



Our current report presents integrated datasets on clinical and public health aspects of sickle cell disease. We also acknowledge the availability of other reports that contain content that validates the accuracy of the content displayed by our interactive analytics. For example, in March 2020, the Institute for Clinical and Economic Review (ICER) published a 282-page evidence report on the comparative clinical effectiveness and value of three pharmaceutical agents (crizanlizumab, voxelotor, and L-glutamine) for the treatment of sickle cell disease [61]. This first ICER report on sickle cell disease lists some recommendations from the 2014 NHLBI and 2020 ASH guidelines. The 2014 NHLBI report recommendations in the 2020 ICER report are those labeled as strong for clinical aspects of acute pain crisis, acute chest syndrome, acute and chronic transfusion, hemoglobin, hydroxyurea, and stroke.



The list of recommendations in the ICER report provided an independent list to determine whether our interactive analytics resource for the 2014 NHLBI report will retrieve the same subset of strong recommendations presented in the 2020 ICER report. Our interactive analytics resource retrieved the same strong recommendations as the 2020 ICER report (Figure 11). The 2020 ICER report on sickle cell disease contains textual and tabular data structures suitable for interactive analytics to support learning and other complex cognitive activities. For example, an appendix with ongoing clinical trials contains expert-compiled contents: (1) Title/Trial Sponsor; (2) Study Design; (3) Study Arms; (4) Patient Population; (5) Primary Outcomes Estimated; and (6) Completion Dates. Future research could investigate designs of interactive analytics that can promote the desire for future learning and participation in clinical trials by community stakeholders.




3.5. Study Limitations


Our study could have the general limitations associated with secondary data analysis. For example, the purpose of the initial data collection can be different to our study. For the 2020 NASEM and 2019–2020 ASH report, we implemented our approach on selected sections as demonstration of designs. Future investigations could expand the textual data selected from these expert/evidence/consensus reports to answer specific questions. Despite the potential limitations, our approach of integrating datasets through interactive analytics has led to several findings including focus areas for community-based research and practice on sickle cell disease. Additionally, we have designed interactive analytics resources that connect continuously updated online scholarly databases. We also confirmed the consistency of the textual data in the interactive analytics with textual data in expert or evidence reports.





4. Conclusions


Sickle cell disease (SCD) is a genetic disease that has multiple aspects including public health and clinical aspects. The goals of the research study were to (1) understand the public health aspects of sickle cell disease and (2) understand the overlap between public health aspects and clinical aspects that can inform research and practice beneficial to stakeholders in sickle cell disease. We have constructed datasets from textual data sources produced by experts on sickle cell disease. We have designed interactive analytics to display the expert recommendations on clinical and public health aspects. The interactive analytics allows for comparisons and integrations of expert recommendations. Our report is timely and current on sickle cell disease in the United States. We have used interactive visualizations to integrate datasets in evidence and expert reports including those published in 2019 and 2020.



A major finding from our study is the global public health need for effective pediatric to adult transition care for patients with sickle cell disease. We propose that interactive analytics of textual data structures can support the knowledge transfer stage, including the transitioning care programming, in patients with sickle cell disease. Technology-supported learning systems are now especially relevant in the time of social distancing due to the 2019 coronavirus disease (COVID-19) pandemic. Another major finding reported here is that community-based approaches are of interest to both public health and clinical aspects of sickle cell disease. We propose that advances in genome science and technologies (such as CRISPR genome editing) for developing therapies for sickle cell disease present opportunities for community-based participatory research.



Considering the multifaceted datasets on sickle cell available through scholarly publications, we propose that data structures (i.e., text, figures, figure captions, data tables, and Supplementary Materials) in scholarly publications on sickle cell disease encode (1) knowledge content types (fact, concept, process, procedure and principles) and (2) cognitive content (data, information, evidence and knowledge) for interactive analytics to recycle and generate new knowledge on sickle cell disease.








Supplementary Materials


The online versions of the interactive analytics resources produced are available at https://public.tableau.com/profile/qeubic#!/vizhome/scd_text_analytics001/overview.





Author Contributions


Conceptualization, C.P.J., M.O.J., T.C., D.J.W. and R.D.I.; methodology, C.P.J., M.O.J., and R.D.I.; software, C.P.J., A.N.T., A.G., T.J.B. and R.D.I.; validation, M.O.J., T.C. and D.J.W.; resources, T.C., D.J.W., and R.D.I.; data curation, C.P.J., A.N.T., A.G., T.J.B., M.O.J. and R.D.I.; writing—original draft preparation, C.P.J., A.N.T., A.G., T.J.B., M.O.J., T.C., D.J.W. and R.D.I.; writing—review and editing, C.P.J., M.O.J., T.C., D.J.W. and R.D.I.; visualization, C.P.J., A.N.T., A.G., T.J.B. and R.D.I.; supervision, M.O.J., T.C., D.J.W. and R.D.I.; project administration, T.C. and D.J.W.; funding acquisition, M.O.J., T.C., D.J.W. and R.D.I. All authors have read and agreed to the published version of the manuscript.




Funding


This research was funded by the Department of Education Title III Program at Bethune-Cookman University (P031B170091); National Science Foundation (EHR-1435186; EHR-1623371, EHR-1626602, CSE-1829717; EHR-2029363); National Institutes of Health Common Fund (National Human Genome Research Institute) under grant number U41HG006941 (H3Africa Bioinformatics Network, H3ABioNet); Association of State Public Health Nutritionists (ASPHN) Health Equity Internship Program through a Cooperative Agreement from the Centers for Disease Control and Prevention (#6U380T000137); Children and Families Advisory Board, the County of Volusia, Florida. The Article Processing Cost (APC) was funded by Bethune-Cookman University.




Acknowledgments


Reviewers for helpful comments, authors of scholarly publications that are data sources for the project; and Bethune-Cookman University for administrative support of the project.




Conflicts of Interest


The authors declare no conflict of interest. The funders or publishers or authors of expert panel and evidence reports had no role in the design of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or in the decision to publish the results.




References


	



Kato, G.J.; Piel, F.B.; Reid, C.D.; Gaston, M.H.; Ohene-Frempong, K.; Krishnamurti, L.; Smith, W.R.; Panepinto, J.A.; Weatherall, D.J.; Costa, F.F. Sickle cell disease. Nat. Rev. Dis. Primers 2018, 4, 1–22. [Google Scholar]

	



Platt, O.S.; Brambilla, D.J.; Rosse, W.F.; Milner, P.F.; Castro, O.; Steinberg, M.H.; Klug, P.P. Mortality in sickle cell disease—Life expectancy and risk factors for early death. N. Engl. J. Med. 1994, 330, 1639–1644. [Google Scholar] [CrossRef] [PubMed]

	



Barbosa, C.G.; Aleluia, A.C.; Pacheco, A.P.; Paz, S.S.; Zanette, A.M.; Lyra, I.M.; Steinberg, M.H.; Milton, J.N.; Goncalves, M.S. Genetic modulation of HbF in Brazilians with HbSC disease and sickle cell anemia. Am. J. Hematol. 2013, 88, 923. [Google Scholar] [CrossRef]

	



Fong, C.; Lizarralde-Iragorri, M.A.; Rojas-Gallardo, D.; Barreto, G. Frequency and origin of haplotypes associated with the beta-globin gene cluster in individuals with trait and sickle cell anemia in the Atlantic and Pacific coastal regions of Colombia. Genet. Mol. Biol. 2013, 36, 494–497. [Google Scholar] [CrossRef] [PubMed]

	



National Heart, Lung, and Blood Institute. Evidence-Based Management of Sickle Cell Disease: Expert Panel Report, 2014; National Institutes of Health: Washington, DC, USA, 2014. [Google Scholar]

	



Yawn, B.P.; Buchanan, G.R.; Afenyi-Annan, A.N.; Ballas, S.K.; Hassell, K.L.; James, A.H.; Jordan, L.; Lanzkron, S.M.; Lottenberg, R.; Savage, W.J. Management of sickle cell disease: Summary of the 2014 evidence-based report by expert panel members. JAMA 2014, 312, 1033–1048. [Google Scholar] [CrossRef] [PubMed]

	



Centers for Disease Control and Prevention [CDC]. Data & Statistics on Sickle Cell Disease. Available online: https://www.cdc.gov/ncbddd/sicklecell/data.html (accessed on 4 April 2020).

	



Centers for Disease Control and Prevention [CDC]. Sickle Cell Disease Monitoring. Available online: https://www.cdc.gov/ncbddd/sicklecell/features/sickle-cell-awareness.html (accessed on 4 April 2020).

	



Hoots, W.K. The registry and surveillance in hemoglobinopathies: Improving the lives of individuals with hemoglobinopathies. Am. J. Prev. Med. 2010, 38, S510–S511. [Google Scholar] [CrossRef] [PubMed]

	



Paulukonis, S.T.; Harris, W.T.; Coates, T.D.; Neumayr, L.; Treadwell, M.; Vichinsky, E.; Feuchtbaum, L.B. Population based surveillance in sickle cell disease: Methods, findings and implications from the California registry and surveillance system in hemoglobinopathies project (RuSH). Pediatr. Blood Cancer 2014, 61, 2271–2276. [Google Scholar] [CrossRef]

	



Liem, R.I.; Lanzkron, S.; Coates, T.D.; DeCastro, L.; Desai, A.A.; Ataga, K.I.; Cohen, R.T.; Haynes, J., Jr.; Osunkwo, I.; Lebensburger, J.D. American Society of Hematology 2019 guidelines for sickle cell disease: Cardiopulmonary and kidney disease. Blood Adv. 2019, 3, 3867–3897. [Google Scholar] [CrossRef]

	



DeBaun, M.; Jordan, L.; King, A.; Schatz, J.; Vichinsky, E.; Fox, C.; McKinstry, R.; Telfer, P.; Kraut, M.; Daraz, L. American Society of Hematology 2020 guidelines for sickle cell disease: Prevention, diagnosis, and treatment of cerebrovascular disease in children and adults. Blood Adv. 2020, 4, 1554–1588. [Google Scholar] [CrossRef]

	



Brandow, A.M.; Carroll, C.P.; Creary, S.; Edwards-Elliott, R.; Glassberg, J.; Hurley, R.W.; Kutlar, A.; Seisa, M.; Stinson, J.; Strouse, J.J. American Society of Hematology 2020 guidelines for sickle cell disease: Management of acute and chronic pain. Blood Adv. 2020, 4, 2656–2701. [Google Scholar] [CrossRef]

	



Chou, S.T.; Alsawas, M.; Fasano, R.M.; Field, J.J.; Hendrickson, J.E.; Howard, J.; Kameka, M.; Kwiatkowski, J.L.; Pirenne, F.; Shi, P.A. American Society of Hematology 2020 guidelines for sickle cell disease: Transfusion support. Blood Adv. 2020, 4, 327–355. [Google Scholar] [CrossRef] [PubMed]

	



National Academies of Sciences Engineering and Medicine. Addressing Sickle Cell Disease: A Strategic Plan and Blueprint for Action; The National Academies Press: Washington, DC, USA, 2020; p. 522. [Google Scholar]

	



Kehrer, J.; Hauser, H. Visualization and visual analysis of multifaceted scientific data: A survey. IEEE Trans. Vis. Comput. Graph. 2012, 19, 495–513. [Google Scholar] [CrossRef] [PubMed]

	



Fernando, A. Batch and Interactive Analytics: From Data to Insight. Available online: https://www.slideshare.net/wso2.org/batch-and-interactive-analytics-from-data-to-insight (accessed on 4 April 2020).

	



Isokpehi, R.D.; Johnson, M.O.; Campos, B.; Sanders, A.; Cozart, T.; Harvey, I.S. Knowledge Visualizations to Inform Decision Making for Improving Food Accessibility and Reducing Obesity Rates in the United States. Int. J. Environ. Res. Public Health 2020, 17, 1263. [Google Scholar] [CrossRef]

	



Isokpehi, R.D.; Simmons, S.S.; Johnson, M.O.; Payton, M. Genomic evidence for bacterial determinants influencing obesity development. Int. J. Environ. Res. Public Health 2017, 14, 345. [Google Scholar] [CrossRef]

	



Johnson, M.O.; Cozart, T.; Isokpehi, R.D. Harnessing knowledge for improving access to fruits and vegetables at farmers markets: Interactive data visualization to inform food security programs and policy. Health Promot. Pract. 2020, 21, 390–400. [Google Scholar] [CrossRef]

	



Sedig, K.; Parsons, P. Interaction design for complex cognitive activities with visual representations: A pattern-based approach. Ais Trans. Hum. Comput. Interact. 2013, 5, 84–133. [Google Scholar] [CrossRef]

	



Palmer, D.D.; Hearst, M.A. Adaptive multilingual sentence boundary disambiguation. Comput. Linguist. 1997, 23, 241–267. [Google Scholar]

	



Yin, W. Standard model of knowledge representation. Front. Mech. Eng. 2016, 11, 275–288. [Google Scholar] [CrossRef]

	



Soltani, K.; Parameswaran, A.; Wang, S. GeoHashViz: Interactive analytics for mapping spatiotemporal diffusion of Twitter hashtags. In Proceedings of the 2015 XSEDE Conference: Scientific Advancements Enabled by Enhanced Cyberinfrastructure, St. Louis, MO, USA, 26–30 July 2015; pp. 1–2. [Google Scholar]

	



Peritz, B.C. On the informativeness of titles. Int. Classif. 1984, 11, 87–89. [Google Scholar] [CrossRef]

	



Batt, S.; Grealis, T.; Harmon, O.; Tomolonis, P. Learning Tableau: A data visualization tool. J. Econ. Educ. 2020. [Google Scholar] [CrossRef]

	



Berson, I.; Berson, M. Making sense of social studies with visualization tools. Soc. Educ. 2009, 73, 124–126. [Google Scholar]

	



Xie, Y.; Lin, S.-Y. Using word clouds to support students’ knowledge integration from online inquiry: An investigation of the process and outcome. Interact. Learn Environ. 2019, 27, 478–496. [Google Scholar] [CrossRef]

	



Shanteau, J.; Weiss, D.J.; Thomas, R.P.; Pounds, J.; Hall, B. How can you tell if someone is an expert? Empirical assessment of expertise. In Emerging Perspectives on Judgment and Decision Research; Cambridge University Press: Cambridge, UK, 2003; pp. 620–641. [Google Scholar]

	



Weiss, D.J.; Shanteau, J. Empirical assessment of expertise. Hum. Factors 2003, 45, 104–116. [Google Scholar] [CrossRef]

	



Garrett, S.; Caldwell, B.; Harris, E.; Gonzalez, M. Six dimensions of expertise: A more comprehensive definition of cognitive expertise for team coordination. Theor. Issues Ergon. Sci. 2009, 10, 93–105. [Google Scholar] [CrossRef]

	



McCoy, S.I.; MacDonald, P.D. Need to amplify health security? Fuse academia and practice. Public Health Rep. 2020. [Google Scholar] [CrossRef] [PubMed]

	



Gelletlie, R. Competencies as a tool for employers: Necessary but not sufficient. Public Health Rep. 2008, 123, 19–20. [Google Scholar] [CrossRef]

	



Clark, R.; Harrelson, G.L. Designing instruction that supports cognitive learning processes. J. Athl. Train. 2002, 37, S152–S159. [Google Scholar]

	



Hulihan, M.M.; Feuchtbaum, L.; Jordan, L.; Kirby, R.S.; Snyder, A.; Young, W.; Greene, Y.; Telfair, J.; Wang, Y.; Cramer, W. State-based surveillance for selected hemoglobinopathies. Genet. Med. 2015, 17, 125–130. [Google Scholar] [CrossRef]

	



Nwabuko, O.C.; Eke, R.; Kazadi, M.J.C. Beyond the legislation for sickle cell disease prevention-Getting the right outcomes. Am. J. Intern. Med. 2019, 7, 56–65. [Google Scholar]

	



Kaur, M.; Brown, M.; Love, T.W.; Thompson, A.; Treadwell, M.; Smith-Whitley, K. Understanding sickle cell disease: Impact of surveillance and gaps in knowledge. Blood Adv. 2020, 4, 496–498. [Google Scholar] [CrossRef]

	



Ahalt, S.; Bedard, D.; Carsey, T.; Crabtree, J.; Green, K.; Jeffries, C.; Knowles, D.; Kum, H.; Lander, H.; Nassar, N. Establishing a National Consortium for Data Science; Renaissance Computing Institute, University of North Carolina at Chapel Hill: Chapel Hill, NC, USA, 2012. [Google Scholar]

	



Black, V.; Mack, J.A.; Hall, J.; Morris, H.; Shenkman, E.; Gurka, M.J. Trends in Hydroxyurea Utilization for the Treatment of Sickle Cell Anemia in Florida; American Society of Hematology: Washington, DC, USA, 2019. [Google Scholar]

	



Grant, A.M.; Parker, C.S.; Jordan, L.B.; Hulihan, M.M.; Creary, M.S.; Lloyd-Puryear, M.A.; Goldsmith, J.C.; Atrash, H.K. Public health implications of sickle cell trait: A report of the CDC meeting. Am. J. Prev. Med. 2011, 41, S435–S439. [Google Scholar] [CrossRef] [PubMed]

	



Caughey, M.C.; Derebail, V.K.; Key, N.S.; Reiner, A.P.; Gottesman, R.F.; Kshirsagar, A.V.; Heiss, G. Thirty-year risk of ischemic stroke in individuals with sickle cell trait and modification by chronic kidney disease: The atherosclerosis risk in communities (ARIC) study. Am. J. Hematol. 2019, 94, 1306–1313. [Google Scholar] [CrossRef] [PubMed]

	



Olaniran, K.O.; Allegretti, A.S.; Zhao, S.H.; Achebe, M.M.; Eneanya, N.D.; Thadhani, R.I.; Nigwekar, S.U.; Kalim, S. Kidney function decline among black patients with sickle cell trait and sickle cell disease: An observational cohort study. J. Am. Soc. Nephrol. 2020, 31, 393–404. [Google Scholar] [CrossRef] [PubMed]

	



Moore, M.D.; Schamess, A.; Williams, N.; Huang, Y.; Menka, G.; Desai, P.C. Home based primary care for patients with sickle cell disease. Blood 2018, 132, 4721. [Google Scholar] [CrossRef]

	



Clark, R.C. Recycling knowledge with learning objects. Train. Dev. 1998, 52, 60–63. [Google Scholar]

	



Sacha, D.; Stoffel, A.; Stoffel, F.; Kwon, B.C.; Ellis, G.; Keim, D.A. Knowledge generation model for visual analytics. IEEE Trans. Vis. Comput. Graph. 2014, 20, 1604–1613. [Google Scholar] [CrossRef]

	



Dammann, O. Data, information, evidence, and knowledge: A proposal for health informatics and data science. Online J. Public Health Inform. 2018, 10, e224. [Google Scholar] [CrossRef]

	



Pack-Mabien, A.V. A Mixed Methods Study Evaluating a Pediatric to Adult Care Transition Program for Sickle Cell Disease; The University of Alabama at Birmingham: Birmingham, Alabama, 2018. [Google Scholar]

	



Inusa, B.P.D.; Stewart, C.E.; Mathurin-Charles, S.; Porter, J.; Hsu, L.L.; Atoyebi, W.; De Montalembert, M.; Diaku-Akinwumi, I.; Akinola, N.O.; Andemariam, B. Paediatric to adult transition care for patients with sickle cell disease: A global perspective. Lancet Haematol. 2020, 7, e329–e341. [Google Scholar] [CrossRef]

	



de Montalembert, M.; Guitton, C.; French Reference Centre for Sickle Cell Disease. Transition from paediatric to adult care for patients with sickle cell disease. Br. J. Haematol. 2014, 164, 630–635. [Google Scholar] [CrossRef]

	



Spector, J.M.; Ma, S. Inquiry and critical thinking skills for the next generation: From artificial intelligence back to human intelligence. Smart Learn. Environ. 2019, 6, 8. [Google Scholar] [CrossRef]

	



Kmietowicz, Z. Covid-19: Highest risk patients are asked to stay at home for 12 weeks. BMJ 2020, 368, m1170. [Google Scholar] [CrossRef] [PubMed]

	



Zaidi, A.U.; Minniti, C. The challenge we face: Sickle cell disease and the COVID-19 pandemic. Hematologist 2020, 17, 10415. [Google Scholar] [CrossRef]

	



Secure-SCD Registry. Surveillance Epidemiology of Coronavirus (COVID-19) Under Research Exclusion. Available online: https://covidsicklecell.org/updates-data/ (accessed on 24 September 2020).

	



Panepinto, J.A.; Brandow, A.; Mucalo, L.; Yusuf, F.; Singh, A.; Taylor, B.; Woods, K.; Payne, A.B.; Peacock, G.; Schieve, L.A. Coronavirus disease among persons with sickle cell disease, United States, March 20–May 21, 2020. Emerg. Infect. Dis. 2020, 26, 2473–2476. [Google Scholar] [CrossRef] [PubMed]

	



Cisneros, G.S.; Thein, S.L. Recent advances in the treatment of sickle cell disease. Front. Physiol. 2020, 11, 435. [Google Scholar] [CrossRef] [PubMed]

	



Desine, S.; Hollister, B.; Persaud, A.; Bonham, V.L. Engagement and education of the sickle cell Disease community: What sickle cell disease patients and parents want to know about CRISPR genome editing. Blood 2018, 132, 5805. [Google Scholar] [CrossRef]

	



Hollister, B.M.; Gatter, M.C.; Abdallah, K.E.; Armsby, A.J.; Buscetta, A.J.; Byeon, Y.J.J.; Cooper, K.E.; Desine, S.; Persaud, A.; Ormond, K.E.; et al. Perspectives of sickle cell disease stakeholders on heritable genome editing. Cris. J. 2019, 2, 441–449. [Google Scholar] [CrossRef] [PubMed]

	



Persaud, A.; Desine, S.; Blizinsky, K.; Bonham, V.L. A CRISPR focus on attitudes and beliefs toward somatic genome editing from stakeholders within the sickle cell disease community. Obstet. Gynecol. Surv. 2020, 75, 18–20. [Google Scholar] [CrossRef]

	



National Academies of Sciences Engineering and Medicine. Overview of Recommendations and Strategic Plan: Addressing Sickle Cell Disease: A Strategic Plan and Blueprint for Action. Available online: https://www.nap.edu/resource/25632/Sickle%20Cell_Overview%20of%20Recommendations%20and%20Strategic%20Plan.pdf (accessed on 14 September 2020).

	



Entelechy. Entelechy’s Designing Training based on Five Content Types eGuide. Effective and Practical Training Design. Available online: https://www.unlockit.com/content/eguides/ (accessed on 20 May 2020).

	



Bradt, P.; Spackman, E.; Synnott, P.; Chapman, R.; Beinfeld, M.; Rind, D.; Pearson, S. Crizanlizumab, voxelotor, and L-glutamine for Sickle Cell Disease: Effectiveness and Value. Available online: https://icer-review.org/material/sickle-cell-disease-evidence-report/ (accessed on 24 September 2020).








[image: Diseases 08 00039 g001 550] 





Figure 1. Website of the Registry and Surveillance System for Hemoglobinopathies (RuSH). The web page includes listing of the public health programs on hemoglobinopathies at the Centers for Disease Control and Prevention. 
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Figure 2. Report on health promotion strategies for sickle cell diseases from eight sites in the United States. The location of the participating sites in the report are California, Florida, Georgia, Michigan, New York, North Carolina and Pennsylvania. 
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Figure 3. Data source for interactive analytics of public health aspects of sickle cell disease. Each report from a RuSH site included the program overview, resources needed, benefits, outcomes, lessons learned and next steps. 
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Figure 4. Search in Google Scholar for citations of the data source for interactive analytics of public health aspects of sickle cell disease. 
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Figure 5. An interactive analytics enclosure table design for exploring textual data in the Registry and Surveillance System for Hemoglobinopathies (RuSH) Report. 
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Figure 6. A dashboard combines an enclosure table and a website to browse articles on public health and clinical aspects of sickle cell disease. (a) Result of a Google Scholar search in the dashboard; (b) display of journal article web page. 
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Figure 7. A comparison of word clouds generated from textual data on public health and clinical aspects of sickle cell disease. A common term to both aspects is “community-based”. (a) A word cloud of textual sentences from sections of the Registry and Surveillance System for Hemoglobinopathies (RuSH) report; (b) a word cloud of the titles of journal articles citing the National Heart, Lung and Blood Institute (NHLBI) Sickle Cell Disease Expert Panel report. 
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Figure 8. An example design of an interactive analytics to support the learning of guidelines for the evidence-based management of sickle cell disease. In this example, the key question and recommendations for evidence-based management of leg ulcers is included to show the textual data source. 
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Figure 9. An example design of an interactive visual representation that allows for integrating and comparing expert recommendations on clinical aspects of sickle cell disease. In this example, we highlight the integration of sickle cell disease expert recommendations on iron overload screening in chronic transfusion therapy. 
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Figure 10. An example design of an interactive visual representation that allows for integrating and comparing strategies and expert recommendations on clinical and public health aspects of sickle cell disease. In this example, we highlight the alignment of governmental organizations to strategies such as financing the upfront costs of curative therapies by the Centers for Medicare & Medicaid Services. The interactive analytics resource could function as a decision aid for identifying potential funding sources for sickle cell disease initiatives in the United States. 
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Figure 11. A validation of content of the interactive analytics resource for exploring recommendations on evidence-based management of sickle cell disease. The interactive analytics resource enables interactions to support decision making on the clinical aspects of sickle cell disease and associated recommendations and evidence. The example is for acute chest syndrome, one of the most common and serious complications of sickle cell disease. 






Figure 11. A validation of content of the interactive analytics resource for exploring recommendations on evidence-based management of sickle cell disease. The interactive analytics resource enables interactions to support decision making on the clinical aspects of sickle cell disease and associated recommendations and evidence. The example is for acute chest syndrome, one of the most common and serious complications of sickle cell disease.



[image: Diseases 08 00039 g011]







[image: Table] 





Table 1. Datasets constructed for understanding public and clinical aspects of sickle cell disease.
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	Dataset Name 1
	Dataset Features





	RuSH Strategies Dataset: Text Sentences from Sections of Report
	225 Sentences, Six sections of RuSH report, 11 categories of sentences based on location in the section.



	RuSH Sites Dataset: Sites
	8 RuSH sites, 7 States.



	Evidence-Based Management of SCD: Titles
	99 articles, 49 Google Scholar IDs and 99 Article Identifiers.







1 RuSH: Registry and Surveillance System for Hemoglobinopathies; SCD: Sickle Cell Disease.
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Table 2. Sites for the Registry and Surveillance System for Hemoglobinopathies (RuSH) Report.
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	RuSH ID
	RuSH Name
	State





	R001
	Putting the Focus on Sickle Cell: Northern California’s Focus Group and Stakeholder Meetings
	California



	R002
	Resource STREET: Sickle Cell Disease and Thalassemia Resources to Educate and Empower the Community—An Online Database Serving Southern California
	California



	R003
	Connecting the Dots: Building a Provider Network and Directory in Florida
	Florida



	R004
	Finding Our Voice: Creating and Implementing a Community Speaker Panel in Georgia
	Georgia



	R005
	Measuring Michigan’s Health: A Hemoglobinopathy Health Status Assessment
	Michigan



	R006
	Garnering State-wide Support for RuSH: Regional Provider Meetings in New York
	New York



	R007
	Faith-based Initiative: North Carolina’s Approach to Community Outreach for Hemoglobinopathies
	North Carolina



	R008
	Answering the Call: Pennsylvania’s Toll-free Phone Number for Hemoglobinopathy Health Care Referrals
	Pennsylvania
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Table 3. Example of sentences in sections of the Registry and Surveillance System for Hemoglobinopathies (RuSH) Report.
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	RuSH ID.
	Report Component
	Sentence ID
	Sentence 1





	R001
	Program Overview
	S001
	Individuals with hemoglobinopathies, specifically sickle cell disease (SCD) and thalassemia, face significant barriers accessing health care services and participating in public health and clinical research projects.



	R001
	Lessons Learned
	S001
	15 min should be allotted for general education on hemoglobinopathies at the beginning of the focus groups, especially for groups that are further removed from health care fields, such as cultural organizations, sororities, and fraternities.



	R002
	Resources Needed
	S001
	The fundamental computer code developed for the database is available to anyone interested in building a database with similar components.



	R002
	Benefits
	S001
	There are significant benefits to having information in one place, immediately accessible to users, and flexible so that users can enter the information and create personalized groups.



	R002
	Outcomes
	S001
	The database has been invaluable for generating mailing lists to send outreach materials, surveys, and other information to target groups of providers and organizations.



	R002
	Lessons Learned
	S001
	Database development is a trial and error process, and it is difficult to anticipate exactly how long each stage of development will take.



	R002
	Next Steps
	S001
	This database serves as a common repository of information to identify providers, agencies, and individuals with resources for SCD and thalassemia.







1 A common word, “information”, is highlighted in bold.
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