

  nutrients-15-02446




nutrients-15-02446







Nutrients 2023, 15(11), 2446; doi:10.3390/nu15112446




Article



Exposure to a Vitamin D Best Practices Toolkit, Model, and E-Tools Increases Knowledge, Confidence, and the Translation of Research to Public Health and Practice †



Beth S. Sanford 1,*[image: Orcid], Jennifer L. Aliano 2[image: Orcid], Courtney S. Omary 1[image: Orcid], Sharon L. McDonnell 2[image: Orcid], Samantha M. Kimball 2[image: Orcid] and William B. Grant 3[image: Orcid]





1



School of Nursing, Rasmussen University, 4012 19th Avenue South, Fargo, ND 58103, USA






2



GrassrootsHealth Nutrient Research Institute, Encinitas, CA 92024, USA






3



Sunlight, Nutrition, and Health Research Center, San Francisco, CA 94164-1603, USA









*



Correspondence: beth.sanford@rasmussen.edu






†



The Preliminary Results of This Paper Were Presented at the 15th National Doctors of Nursing Practice Conference in Tampa, FL, USA, 3–5 August 2022.









Academic Editor: Xingzhong Jin



Received: 17 April 2023 / Revised: 10 May 2023 / Accepted: 15 May 2023 / Published: 24 May 2023



Abstract

:

Preventable vitamin D deficiency (VDD) is a global health concern. The prevention, early detection, and treatment of vitamin D deficiency aligning with serum 25-hydroxyvitamin D concentration recommendations of 40–60 ng/mL (100–150 nmol/L), provided by an international panel of 48 vitamin D researchers, would result in significant health benefits and cost savings to individuals and society. However, research shows that healthcare professionals lack knowledge and confidence in best practices with respect to vitamin D. A vitamin D toolkit was developed that included a model for decision-making support, e-tools, and accompanying resources and was implemented using an online, asynchronous learning management system. This pre-test, post-test, and follow-up survey study design aimed to increase nurses’ and dietitians’ levels of knowledge and confidence regarding vitamin D, aid in their translation of evidence into spheres of practice and influence, and help them identify translation barriers. The completion of the toolkit increased the participants’ (n = 119) knowledge from 31% to 65% (p < 0.001) and their confidence from 2.0 to 3.3 (p < 0.001) on a scale of 1–5. Respondents reported using the model (100%) as a framework to successfully guide the translation of vitamin D knowledge into their sphere of influence or practice (94%) and identifying translation barriers. The toolkit should be included in interdisciplinary continuing education, research/quality improvement initiatives, healthcare policy, and institutions of higher learning to increase the movement of research into practice.
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1. Introduction


An opportunity exists to educate the public, healthcare professionals (HCPs), and policymakers on the global epidemic of vitamin D deficiency (VDD), current vitamin D science and physiological mechanisms, the health benefits and cost-effectiveness of achieving and maintaining the scientifically recommended circulating 25-hydroxyvitamin D [25(OH)D] concentrations of 40–60 ng/mL (100–150 nmol/L), and proper nutrient study design [1,2,3]. Since the early 2000s, researchers have studied the relationship between VDD, patient outcomes, and overall healthcare costs [4,5,6,7,8,9,10,11]. Studies conducted by the United States Veterans Affairs Administration have demonstrated an overall 39% increase in healthcare costs and adverse patient outcomes associated with serum 25(OH)D concentrations <20 ng/mL [4]. From a public health perspective, the cost-effectiveness of the prevention, early detection, and treatment of VDD would result in significant cost-savings to individuals and society as well as reduce human suffering [12,13].



Research shows that HCPs’ knowledge and attitudes affect their behaviors in addressing VDD [14]. In light of comments in personal conversations, on social media, in mass media, opinion pieces, and vitamin D research articles and through a critical appraisal of published vitamin D study designs, guidance in implementing evidence-based best practices regarding vitamin D in practice is necessary to achieve the quadruple aim of healthcare related to preventable VDD (patient experience, reducing costs, improving patient and population health outcomes, and improving the HCP experience) [15].



Evidence-based practice is a critical thinking process that incorporates the review, analysis, and translation of the most current science, practice, and patient or population risk factors and determinants of health to guide public health and clinical decision making [16]. The scientific literature, however, is lacking in models and translational resources to aid the movement of vitamin D science into practice. The development of better clinical guidelines, electronic decision aids, and visual cues has been recommended to aid the ease of moving vitamin D research into practice [17,18,19,20]. Further education and training were also recommended to increase both students’ and practicing HCPs’ vitamin D knowledge and increase the translation of this knowledge into practice and public health [21,22,23,24,25,26,27,28,29,30]. Research shows that HCP education increases knowledge, results in feelings of enhanced self-efficacy, and increases the sustainability of evidence-based practice (EBP); however, authors have noted that translational methods are needed to sustain a long-term practice change [31]. Providing decision-making support in the form of a translational model and best practice resources may fill a gap in HCPs’ education needs, resulting in increased knowledge about vitamin D and increased opportunities for policy and practice change [27,32,33].



The aim of this paper is to introduce an evidence-based toolkit, including a translational model for best practices for addressing vitamin D deficiency in public health and practice, highlighting existing evidence-based patient care technologies, and providing key resources to enhance the knowledge and confidence of health policy makers and HCPs when addressing VDD in patients and populations from primary, secondary, or tertiary prevention perspectives.



1.1. Vitamin D Overview


Vitamin D is critical to cellular health, and nearly every cell in the human body has a vitamin D receptor (VDR), which is activated by calcitriol [34,35]. Vitamin D has several forms that are critical to the biochemical functions of cellular health and organ systems. Vitamin D compounds function as a vitamin–nutrient, cell-signaling molecule, prehormone, or hormone, depending on the molecular structure, function, and place in the life cycle of vitamin D [36,37,38].



Vitamin D plays a significant role in most physiologic and pathologic processes in the body, including DNA repair mechanisms, the prevention of cancer cell proliferation, lowering viral replication rates, antimicrobial defenses, lowering pro-inflammatory cytokine concentrations, the balance of the microbiota, innate and adaptive immune system homeostasis, and gene expression [35,39,40,41]. A 2019 randomized controlled double-blind clinical trial (RCT) demonstrated a dose-dependent relationship between vitamin D3 supplementation and gene expression, showing the up- or down-regulation of 1289 identified genes with the daily supplementation of 10,000 IU/day compared to 320 genes with the supplementation of 4000 IU/day and 162 genes with the supplementation of 600 IU/day [42].




1.2. Totality of Evidence


VDD is 100% preventable and is a modifiable risk factor for many health concerns. Nutritional rickets is still endemic in many countries; however, experts agree that rickets is “the tip of the iceberg of VDD disorders” [43]. Scientists have been studying the nonskeletal effects of vitamin D on conditions such as cancer, insulin secretion, and brain and cardiovascular health since the early 1980s [44,45,46]. Since the year 2000, however, vitamin D science has advanced significantly beyond its skeletal effects. There are four recent papers that provide a thorough overview of current vitamin D science, including a rationale for the poor results found by some RCTs [1,2,47,48].



As discussed in detail in Grant et al., the Hill criteria for causality have been analyzed in relation to VDD, and nearly all have been satisfied for many healthcare concerns, including hypertension, cancer, cardiovascular disease (CVD), COVID-19, dementia, type 2 diabetes, pancreatic cancer, type 1 diabetes, multiple sclerosis, oral health, and periodontal disease when using observational, population, and in some instances, Mendelian randomization studies [2,48,49,50]. Mendelian randomization studies have also shed light on the roles of genetics and vitamin D metabolism, showing the need for personalized approaches for the prevention and treatment of vitamin D deficiency in addition to public health measures [2].



Different cellular processes and systems within the body have differing needs for Vitamin D due to the unique physiological mechanisms and roles vitamin D plays in each system. Research has demonstrated how different health conditions may also have different 25(OH)D minimum concentrations for optimal functioning, i.e., decreased all-cause mortality, decreased stroke, decreased myocardial infarction, reductions in blood pressure and the prevalence of hypertension, decreased incidence of type 2 diabetes, improved prenatal and neonatal outcomes (including preterm birth, pre-eclampsia, and gestational diabetes), improved thyroid function, and cancer reduction benefits (see Table 1) [2,21,51,52,53,54,55,56,57,58,59,60,61,62]. These studies suggest public health agencies, institutions, and individual HCPs should leverage optimal 25(OH)D concentrations of 40–60 ng/mL (100–150 nmol/L) to achieve body systems’ minimum optimal 25(OH)D concentrations and offset individual and population risk factors for disease, such as medication use, pre-existing health conditions, lifestyle, family history, genetics, and determinants of health. Researchers have hypothesized that health disparities could be eliminated for those of African ancestry if optimal 25(OH)D concentrations were achieved and maintained [63]. Areas of particular global and public health interest include the cost-effectiveness of addressing vitamin D deficiency/insufficiency in prenatal outcomes, including increased maternal morbidity and mortality [64,65,66], and mental health, including the risk of opioid addiction [67], the risks of depression and suicide [68,69,70,71,72,73,74,75,76], and childhood behavioral problems [77], as well as COVID-19 [78] and HIV transmission [79].




1.3. Healthcare Professionals’ Knowledge of Best Practices


In a study on vitamin D knowledge in HCPs, only 1.7% felt that they were trained properly in how to properly diagnose and manage VDD [20]. In addition, upon evaluation, less than half of the HCPs were reported to have good practice at addressing VDD [22]. In another study on HCPs, the recommendation and dosing of supplements was inconsistent, and minimal patient education was provided with respect to lifestyle practices, sun exposure, nutrition, and diet around 50% of the time [24]. In a study on general practitioners, 97% believed clearer clinical guidelines regarding VDD would be beneficial, while roughly 35% believed it was more important to stay out of the sun than to get enough vitamin D [17]. Another study found that family practice physicians erroneously believed that sunlight alone was adequate to prevent VDD in their geographic location [18]. A study among pharmacists and doctors found that 41.9% and 39.3% had poor knowledge of vitamin D, 47.5%, 49.5% had poor attitudes, and 44.1% and 39.3% had poor knowledge of nutrition, respectively [82]. In a study of doctors caring for pregnant women, 35% did not assess women for VDD, and 32% only assessed high-risk women [83]. In a study on pediatricians’ knowledge of vitamin D best practices, participants were least knowledgeable with respect to when to initiate vitamin D therapy and which dosages should be used to treat low 25(OH)D concentrations [30]. In the same study, the authors noted a discrepancy between guidelines and participants’ knowledge, proposing that pediatricians may be fearful of intoxication and unclear between general supplementation guidelines and the therapeutic doses necessary for repletion [30]. In the United States, a 2009–2016 data analysis showed that less than 40% of breastfeeding and non-breastfeeding infants between the ages of 0 and 11 months met the American Academy of Pediatrics guidelines for vitamin D supplementation (≥400 IU) regardless of demographic subgroups [84].




1.4. Professional Organizations as a Platform for Disseminating Evidence-Based Practice


Professional organizations are a reliable source of health information for HCPs and are a key venue for introducing practice changes [85]. Professional organizations can aid in reducing health disparities by creating focused health initiatives to promote EBP through the dissemination of scientific discoveries and translational support materials on multiple levels of social-ecological models. State or regional professional organizations can guide the translation of EBP to the local cultural context and determinants of health. EBP can be disseminated through many avenues, such as encouraging involvement in professional organizations, networking among members, and hosting continuing education seminars/webinars, poster presentations, and conferences [85,86].





2. Materials


2.1. Toolkit Development


The toolkit was designed to be a self-paced, interactive learning experience accommodating different types of adult learners. The principles of Bandura’s social cognitive theory were used to create anticipation for an increase in self-efficacy after completing the e-course portion of the toolkit [87]. The e-course contains an introduction, learning objectives, and modules on vitamin D science, including vitamin D myths, critical appraisal of nutrient research, the cost-effectiveness of vitamin D, the science behind optimal 25(OH)D concentrations, supplementation dosing, toxicity and testing, and the consequences of VDD [88].



In addition, the toolkit guides the translation of research into practice by integrating a “best practices” model (described below), the Socioecological Model, as adapted by Golden [89], and levels of prevention as guiding frameworks. An abundance of downloadable peer-reviewed journal articles and translation resources such as e-tools accompanied the e-course as part of the toolkit to encourage the translation of research into practice. Subject matter experts established the face validity of participant assessments, the model, and all educational and translational content.




2.2. Model Development


The Cycle of Best Practices for Addressing Vitamin D Deficiency (the model), was developed as a new paradigm for patient-centered care and standards of best practices for vitamin D deficiency based on vitamin D science, GrassrootsHealth’s D*Action Project vitamin D protocol, and the Screening, Brief Intervention, and Referral to Treatment (SBIRT) model (see Figure 1 below) [90,91,92]. The GrassrootsHealth D*Action Project protocol (also used in research on pregnancy outcomes at the Medical University of South Carolina) includes initial testing, vitamin D3 supplementation, patient education, retesting, and the monitoring of patient outcomes, targeting 25(OH)D concentrations of >40 ng/mL [93]. The SBIRT model is a public health approach to early intervention and treatment that encourages a brief screening, intervention, and referral to follow-up treatment, a model that is feasible and sustainable for HCPs [91].



2.2.1. Model Components


The model is based on a five-step process designed to educate the patient and the provider alike in the steps necessary to achieve and maintain circulating target 25(OH)D concentrations safely and efficiently. The steps are (1) assess, (2) screen (or test), (3) calculate, (4) educate, and (5) refer.



Assess


Preliminary vitamin D research findings demonstrate that the individual response to the same vitamin D supplement dose or sun exposure practices can vary up to six times [94]. Therefore, individualized patient care is recommended when assessing individual and population risk factors as well as signs and symptoms of deficiency [95]. Individual risk factors include but are not limited to: medication use, sun exposure practices, skin color, genetics, absorption factors, vegan/vegetarian diet, and co-nutrient status, such as magnesium and essential fatty acids [39,63,96]. A free infographic, Everyone Responds Differently to Vitamin D, can aid healthcare professionals in assessing individual patient risk and can be used as a tool in primary prevention education initiatives [97].




Screen (or Test)


Screening for vitamin D deficiency risk level can now be completed using a non-invasive patient care technology, now in beta mode, called the Vitamin D Deficiency Risk Assessment Quiz (beta) [98]. Preliminary results from quiz testing show that the quiz can determine an individual’s risk of having a 25(OH)D concentration below the recommended minimum of 40 ng/mL with a score of a low, medium, or high risk. These results may be useful to healthcare professionals in determining the need for a 25(OH)D blood test referral, depending on clinical indications [3]. A 25(OH)D blood test screening is strongly recommended for at-risk populations, such as pregnant women, or those with limited sun exposure for any reason.




Calculate


Calculating an individualized vitamin D supplement maintenance dose and loading dose, if needed, to maintain an optimal 25(OH)D concentration can be achieved with confidence using a patient care technology: the evidence-based Vitamin D*calculator™, which is based on an evidence-based formula [99]. An individualized patient vitamin D supplementation dose can be calculated using the current 25(OH)D concentration, target 25(OH)D concentration, and the patient’s current weight. The Vitamin D*calculator will soon also incorporate age into the dosing formula.




Educate


Upon completion of the Vitamin D Deficiency Risk Assessment Quiz, patient risk factors are highlighted for individualized patient education points. The results can easily be emailed to the patient and healthcare professional for reference.



An individualized vitamin D deficiency risk reduction plan should include:




	
Addressing individual patient risk factors.



	
Incorporating a safe sun or UVB exposure routine based on skin type, lifestyle, seasonality, and environmental determinants of health that affect the UV index, such as latitude, pollution, and inclement weather.



	
Maintaining a healthy diet to maximize vitamin D absorption and the supplementation of necessary co-nutrients such as magnesium, K2, and essential fatty acids.



	
Providing education on the individualized vitamin D3 supplementation dosing routine, as outlined by the vitamin D*calculator™ recommendations.



	
Providing high-quality patient education materials written by vitamin D researchers, such as the GrassrootsHealth Nutrient Research Institute’s IRB-approved “Know ’D‘ Number: Patient and Provider Guide to Understanding Vitamin D, Testing & Results” [100].









Follow Up


Healthcare professionals should consider a referral for follow-up 25(OH)D testing in 3–6 months to determine if the recommended dose was successful at achieving the target concentration of 40–60 ng/mL. Retests should then occur retest annually or as needed to maintain optimal blood concentrations.







3. Methods


3.1. Setting and Participants


The project leveraged a relationship with the North Dakota Nurses Association and the North Dakota Academy of Nutrition and Dietetics (NDNA and NDAND) for its implementation, focusing on nurses and dietitians as target participants. The NDNA and NDAND maintain an active website and social media presence, including continuing education opportunities. Both organizations publish periodic email and paper newsletters and post social media updates. The link for the course was made available through publications brought forth by the NDNA and NDAND, including newsletters, emails, and social media. Reminders and advertising supported recruitment and completion of the project to access eligible participants.




3.2. Toolkit Design and Use Process


Following knowledge synthesis, an online, asynchronous toolkit was developed using an internet-based learning management platform. The toolkit content included a vitamin D education e-course, The Cycle of Best Practices for Addressing Vitamin D Deficiency model (model) [92], evidence-based e-tools to aid HCPs in translating research to practice, and downloadable research and translation resources for patient and provider education, such as “KNOW ‘D’ NUMBER Patient and Provider Guide to Understanding Vitamin D, Testing, and Results” [100].



After participants were introduced to the toolkit and learning objectives, they confirmed their consent to participate in the project and moved directly onto the pretest. The pretest included demographic questions and ten questions capturing baseline vitamin D knowledge. Participants then moved through the educational modules and were assessed with the same ten questions during the posttest, followed by a toolkit satisfaction survey. The learning management system captured the participants’ consent and responses [101]. Post test, the participants rated the delivery, time, and ease of the training on a ten-point Likert-style scale.



Two weeks post education, a follow-up survey was sent to those participants who completed the entire knowledge assessment. Follow-up questions assessed participants’ confidence, the use of the model and best practice resources in their sphere of practice and influence, as well as perceived barriers to moving research into practice.



The use of the model was tested during the follow-up survey two weeks after the completion of the vitamin D toolkit. The participants’ use of the model was evaluated using the following question: “Since finishing the course, I have utilized the following components of (the model) within my sphere of influence (select all that apply)”: Assess, Screen (or Test), Calculate, Educate, Refer.




3.3. Statistics


The following statistical tests were used in this project: demographic frequencies; knowledge scores: pre vs. post—paired, two-tailed t-test; and confidence levels (Likert Scale 1–5): pre vs. post—paired, two-tailed t-test.





4. Results


4.1. Participant Demographics


The pretest, educational content, and posttest were completed by 119 participants. Eighty-seven participants (73%) completed the two-week post-intervention follow-up survey. On average, participants took 1.5 h to complete the toolkit. Of the participants completing the toolkit, 86% were nurses (n = 112) and 13% (n = 16) were dietitians (see Table 2). One participant chose not to disclose their healthcare discipline. The educational degree of the participants included bachelor’s degrees, 45% (n = 54); master’s degrees, 23% (n = 27); licensed practical nurses, 14% (n = 23); associate degrees, 12% (n = 14); and doctoral degrees, 5% (n = 6) (see Table 3). The largest group of participants were registered nurses with bachelor’s degrees (36%). When asked about their retirement and employment status, most participants indicated they were not retired (96%) and were currently employed as healthcare professionals (91%). The demographics of the follow-up survey (n = 86) were as follows: 83% nurses, 16% dietitians, and 1% other (see Table 4).




4.2. Knowledge Assessment Results


Through the use of a paired t-test, the mean pre-post knowledge scores (n = 119) showed a statistically significant increase from 31% to 65% (p < 0.0001) (see Table 5). The sample size was too small to carry out subgroup analyses between nurses and dietitians.




4.3. Toolkit Feedback


The participants provided feedback about the course: (1) “The course contained a ton of research-based information and resources. I was amazed at the data and how nicely it was compiled in this format. Well done!! Although I haven’t had much time yet to pass along the information since taking the course, I definitely plan to!” (2) “Thought the course was well done, format easy to follow, provided actionable steps.” (3) “I was impressed with the quantity and quality of resources. Thank you for sharing! I plan to use some of the materials in my teaching practice”.




4.4. Follow-Up Survey Results


The follow-up survey demonstrated five outcomes:




	(1)

	
Increased confidence in translating research to practice: participants (n = 86) reported increased confidence in translating research to practice. A paired t-test showed that the participants’ confidence scores increased significantly, from 2.0 to 3.3 on a scale of 1–5 (p < 0.0001) (see Table 6).




	(2)

	
Follow-up survey results found that 100% of the follow-up participants (n = 72) reported translating research into practice within their sphere of influence or practice using at least one component of the model. The most commonly used model components were as follows: refer (54%), assess (50%), educate (46%), screen (25%), and calculate (18%), respectively (see Figure 2).




	(3)

	
The translation of research into practice or sphere of influence: of the participants, 94% (n = 85) shared knowledge within their practice or sphere of influence, with the most common socio-ecological model (SEM) levels being:




	
Interpersonal (friends, family, and patients): 84%



	
Organizational/community (coworkers and community members): 73%



	
Policy (professional organization members, legislators, or health department staff): 7% (see Figure 3)









	(4)

	
The most reported resource used to translate research into practice was the “Know “D” NUMBER: Patient and Provider Guide to Understanding Vitamin D, Testing and Results” [100].




	(5)

	
The participants reported that the most perceived barrier to translating vitamin D knowledge into practice were financial barriers, including the cost of testing and the lack of insurance coverage. Other identified barriers included resistance from interdisciplinary team members and individuals or the patients’ lack of interest in vitamin D information.











5. Discussion


This pilot project successfully synthesized existing vitamin D science and research into an easily accessible toolkit and public health translational model with key resources that increased HCP knowledge and confidence in translating best practices and verified barriers to moving research into practice. The toolkit makes years of vitamin D research readily available and digestible to HCPs who are looking to understand evidence-based best practices with respect to vitamin D and their role in the health of their patients and communities. The self-paced toolkit alleviates the perceived barrier that the translation of scientific literature and evidence is time-consuming [102].



The Cycle of Best Practices for Addressing Vitamin D Deficiency model was successful in guiding nurses’ and dietitians’ translation of vitamin D knowledge, gained from the completion of the vitamin D toolkit, into their spheres of influence or practice. The model provides a framework built around the understanding that in order to address VDD most accurately, it must be addressed from an individualized, patient-centered care perspective, taking into account individual risk factors, determinants of health, individualized dosing, existing 25(OH)D concentrations, and the need for follow-up 25(OH)D testing to assess the effectiveness of the vitamin D dosing regimen at achieving and maintaining optimal serum 25(OH)D concentrations.



Key findings support previous research that HCPs lack knowledge and confidence in vitamin D science and best practices. However, exposure to continuing education, a best practice model, and evidence-based resources increase HCPs’ knowledge and confidence in translating research into their practice and spheres of influence. The results demonstrate that global and public health initiatives should implement an evidence-based vitamin D toolkit, translational model, and easily accessible resources as the standard of care and policy. The toolkit, including the e-course, model, e-tools, and accompanying resources, can be easily implemented in a variety of public health and patient care settings to guide public health and policy development, research and quality improvement initiatives, clinical decision making, and patient education. Additional healthcare professional education resources, including the Vitamin D Resources for Healthcare Professionals handout and Vitamin D and Nutrient Research Links can be found in the supplementary materials for this article.



5.1. Utilizing Evidence-Based Patient Care Technologies


Leveraging patient care technologies, such as the following e-tools, to aid in the ease of translation may optimize workflow and increase confidence when screening patients for VDD or calculating a patient’s individualized vitamin D loading or maintenance dose, thus improving the clinician experience.



5.1.1. Vitamin D Deficiency Risk Assessment Quiz


The Vitamin D Deficiency Risk Assessment Quiz (beta) is an e-tool that was developed and validated in 2022 by a team of vitamin D researchers [103]. The quiz was designed to increase awareness and knowledge about low vitamin D for patients and HCPs and conveniently screen for necessary referrals for blood testing in various patient care and community health settings when blood testing is unavailable or not affordable. The quiz results show the patient’s risk for a 25(OH)D concentration below the recommended minimum of 40 ng/mL (low, medium, or high risk) and list patient-specific risk factors based on the answers provided for use in patient education and knowledge reinforcement for the HCP. All information generated by the quiz can be automatically emailed to the patient for their records or later follow-up.




5.1.2. Vitamin D*Calculator™


The Vitamin D*Calculator™ was developed and validated in 2015 and updated in 2020 by a team of vitamin D researchers using GrassrootsHealth data [104]. The calculator estimates the amount of vitamin D intake required to achieve and maintain a desired serum 25(OH)D concentration quickly and safely in the form of an optional loading dose and a daily maintenance dose. It is easy and convenient, and the maintenance dose is capped at 10,000 IU per day to match the no observed adverse effect level (NOAEL). This maintenance dose is the individualized daily dose recommended for achieving the patient- or HCP-determined target 25(OH)D concentration according to the current 25(OH)D concentration and weight based on the average vitamin D dose response of the GrassrootsHealth cohort. The calculator includes a practical loading dose regimen that would enable the rapid correction of VDD based on the following formula published by van Groningen et al. (2010): dose (IU) = 40 × (target − starting 25(OH)D concentration in nmol/L) × body weight in kilograms [105]. This formula can be converted to Dose (IU) = 40 × (target − starting 25(OH)D concentration in ng/mL) × body weight in pounds. The calculator has starting points for patients with or without a known 25(OH)D concentration and will soon include age as an additional factor. The target serum concentration can be adjusted based on individual patient needs.






6. Safe Sun Exposure Practices


Public health guidelines for safe sun exposure should be based upon two factors: local or regional recommendations based on determinants of health and individual factors [106]. Determinants of health such as latitude, altitude, inclement weather (hot or cold), and weather patterns (sunny or cloudy) all affect the UVB exposure or the body’s ability to synthesize vitamin D from solar radiation; for example, communities above 34 degrees latitude experience a vitamin D production winter in which ultraviolet-B rays (UVB) do not reach the Earth for up to six months of the year, limiting the population’s total annual sun exposure [106,107]. Likewise, harsh climates with inclement weather, either too hot or too cold, drive the population indoors, while excess cloud cover can block up to 99% of UVB [108]. Safe sun exposure should be encouraged as long as individuals take care not to burn, acclimating from the winter to the spring and summer months, and are mindful of following the “shadow rule”, which ensures that the solar angle lies below 45 degrees [106,109].



Individual factors such as skin tone, obesity, age, sun protection (sunscreen or clothing use), and cultural and lifestyle practices also affect the adequate amount of sun exposure needed to generate vitamin D [66]. If individuals stay in the sun long enough to generate a large dose of vitamin D, they risk sunburn and sun damage; therefore, individualized patient education based on their skin tone in reference to the Fitzpatrick scale is recommended [106]. For example an individual with a darker skin tone (Fitzpatrick IV) may require up to six times as much time in the sun to generate the same amount of vitamin D as an individual with the lightest of skin tones (Fitzpatrick I) [106]. Therefore, darker-skinned populations living outside of their ancestral lands are at an increased risk for VDD and insufficiency. Researchers have hypothesized that health disparities could be eliminated for individuals of African ancestry if optimal serum 25(OH)D concentrations were achieved and maintained [63]. Therefore, educating the public as to safe sun exposure practices is imperative to generate vitamin D naturally when possible.




7. Limitations


A limitation of testing this model was that the number of participants who completed this particular follow-up survey question was small (n = 72). Another limitation of this pilot project was that the participants included nurses and dietitians only in the state of North Dakota and may not be representative of the interdisciplinary team as a whole or other populations of nurses and dietitians. Relying on newsletters, email advertising, and social media may have been a barrier to recruiting participants. In addition, participants may not have had the interest or time to complete the toolkit, download and use the resources, or complete the follow-up survey. Nurses and dietitians may also have anticipated challenges or barriers in implementing the knowledge. The time window between the education intervention and the follow-up survey was only two weeks; therefore, it may be challenging to project participants’ long-term knowledge retention, confidence, and use of the translational model, e-tools, and resources within their practice and sphere of influence.




8. Recommendations for Continuing Education, Research and Quality Improvement


Recommendations for further research include the implementation of the toolkit, with the e-course, model, e-tools, and translational resources, in a variety of interdisciplinary policymaking, educational, public health, and patient care settings to facilitate the movement of vitamin D research into practice. Additional recommendations include the inclusion of the toolkit as pre-education to guide the standardization of vitamin D research and quality improvement initiative design capitalizing on nutrient physiology per the Heaney criteria, nutrient study guidelines that capture initial serum 25(OH)D concentrations with intent to achieve and maintain optimal target 25(OH)D concentrations of 40–60 ng/mL (100–150 nmol/L), thus strengthening such initiatives as well as allowing for easier systematic analysis and review [110].




9. Conclusions


Addressing preventable VDD is a global health priority. Since the last vitamin D guidelines were updated, the totality of evidence available regarding vitamin D’s role in human physiology and its impact on patient outcomes and population health has increased significantly. Vitamin D researchers recommend moving a new paradigm for preventing and addressing vitamin D deficiency into practice and policy: individualized patient care based on local or regional determinants of health, population risk factors, and patient medical history and personal health concerns, with the intent to sustain optimal 25(OH)D concentrations of 40–60 ng/mL (100–150 nmol/L). Focused local, regional, or national vitamin D and safe sun exposure initiatives have the potential to significantly improve patient outcomes, population health, and healthcare professional satisfaction while decreasing healthcare costs.



This successful pilot demonstrates that the use of a vitamin D toolkit increased nurses’ and dietitians’ knowledge, confidence, and translation of vitamin D science and best practices. The strengths of the toolkit include its ease and convenience for dissemination in an online, asynchronous, self-paced format and its included translational resources: the e-course, The Cycle of Best Practices Addressing Vitamin D Deficiency translational model, and e-tools: The Vitamin D Deficiency Risk Assessment Quiz and Vitamin D*calculator™ [99,100,102]. The priority dissemination of the vitamin D toolkit should focus on policy-making workgroups, professional organizations, institutions of higher learning, and patient care settings to impact the creation of healthcare policy and public health initiatives, guide the design of vitamin D research and quality improvement projects, introduce clinical decision-making tools, and reinforce best practices to healthcare professionals at all levels of patient care. Implementing the vitamin D toolkit into all socioecological levels may successfully prevent, detect, and resolve the issues of VDD.








Supplementary Materials


The following supporting information can be downloaded at: https://www.mdpi.com/article/10.3390/nu15112446/s1, Table S1: Vitamin D Resources for Healthcare Professionals, Vitamin D and Nutrient Research Links.
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Figure 1. The Cycle of Best Practices for Addressing Vitamin D Deficiency Model [92] The evidence-based e-tools: Vitamin D Deficiency Risk Assessment Quiz (beta) and Vitamin D*calculatorTM, and IRB-approved Know “D” Number: Patient and Provider Guide to Understanding Vitamin D, Testing and Results can be found at https://grassrootshealth.net/project/achieve-manage-optimal-vitamin-d-levels/ (accessed on 18 April 2023). 
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Figure 2. Percent of participants who used a component of the Cycle of Best Practices for Addressing Vitamin D Deficiency within their sphere of influence or practice (n = 72). 
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Figure 3. Translation of research into practice or sphere of influence, shared by SEM level. 
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Table 1. Optimal 25(OH)D concentration for various body systems/conditions.






Table 1. Optimal 25(OH)D concentration for various body systems/conditions.











	Body System/Condition
	Optimal 25(OH)D Concentration
	Findings
	Reference





	All-cause mortality
	≥30–36 ng/mL
	HR 1.9 (95% confidence interval = 1.6, 2.2; p < 0.001)
	Garland and Grant, 2014 [51]



	Stroke
	≥30 ng/mL
	aHR 1.85 (95% CI, 1.17–2.93) <20 ng/mL vs. >30 ng/mL
	Judd et al. [52]



	Hypertension
	≥40 ng/mL
	Lowered BP and reduced the prevalence of hypertension among hypertensive patients.
	Mirhosseini et al. [57]



	Myocardial infarction
	≥30 ng/mL
	
	Acharya et al. [53]



	Type 2 diabetes from prediabetes
	≥40 ng/mL
	
	Pittas et al. [80]



	Cancer, all-cause
	≥40 ng/mL
	Women with concentrations ≥40 ng/mL had a 67% lower risk of cancer than women with concentrations <20 ng/mL (HR = 0.33, 95% CI = 0.12–0.90).
	McDonnell et al. [62]



	Breast Cancer
	≥60 ng/mL
	Women with concentrations ≥60 ng/mL had an 80% lower risk of breast cancer than women with concentrations <20 ng/mL (HR = 0.20, p = 0.03).
	McDonnell et al. [81]



	Preterm birth
	≥40 ng/mL
	
	McDonnell et al. [21]



	Thyroid function
	≥50 ng/mL
	
	Mirhosseini et al. [56]



	Alzheimer’s disease/dementia/brain health
	≥30 ng/mL
	
	Grant et al. [48]



	COVID-19
	50 ng/mL
	
	Gibbons et al. [59]

Kaufman et al. [60]



	Autoimmune disease
	≥30 ng/mL
	Concentrations of 40–60 ng/mL may be needed for optimal risk reduction.
	Sîrbe et al. [61]
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Table 2. Toolkit Participant Characteristics by Healthcare Discipline (N = 119).
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	Healthcare Discipline
	N
	Percent





	Nurses (RN/LPN)
	102
	86%



	Dietitians (LDN, LRN)
	16
	13%



	Did not disclose
	1
	1%
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Table 3. Toolkit participant characteristics by educational degree (N = 86).
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	Educational Degree
	N
	Percent





	Licensed Practical Nurse
	17
	14%



	Associate Degree
	14
	12%



	Bachelor’s Degree
	54
	45%



	Master’s Degree
	27
	23%



	Doctoral Degree
	6
	5%



	Prefer not to state
	1
	1%
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Table 4. Follow-up survey characteristics (N = 86).
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	Healthcare Discipline
	N
	Percent





	Nurses (RN/LPN)
	72
	83%



	Dietitians (LDN, LRN)
	14
	16%



	Did not disclose
	1
	1%
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Table 5. Knowledge assessment results (n = 119).
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	Knowledge Scores
	Pre-Test Score
	Post-Test Score





	
	31%
	65%







p < 0.0001.
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Table 6. Participants’ confidence scores.
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	Confidence Scores
	Pre-Score
	Post-Score





	
	2.0
	3.3







p < 0.0001 paired t-test.
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