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Abstract
 	Vitamin D deficiency is a global health issue affecting more than half of society.  Despite the existence of laboratory screening test and effective supplementation treatment, many vitamin D deficiencies go undetected and untreated.   Consequences of undetected and untreated vitamin D deficiencies in Multiple Sclerosis patients can have detrimental lifetime effects.  The purpose of this project was to create and implement a vitamin D protocol for increased screening and reduction of undetected and untreated deficiencies.   
Education was provided to MS clinic providers regarding current evidence-based guidelines for vitamin D deficiency screening and testing.  A vitamin D protocol was developed upon provider consensus of the vitamin D deficiency value definition and subsequent recommended supplementation dosing.  Providers were prompted by chart alerts for patients who met criteria for routine vitamin D screening and supplementation for further test ordering or follow up.  Through weekly chart audits, individual provider’s compliance to vitamin D ordering and vitamin D supplementation were tracked and reviewed monthly with the provider.  Data was collected on the number of patients who met criteria for vitamin D testing per the protocol were compared with the number of patients whom vitamin D testing was ordered for.  Of the 726 multiple sclerosis patients seen in the MS clinic during project implementation, 151 (20.8%) vitamin D tests were ordered for completion.  This was an improvement by 2% compared to pre-implementation. Of the 151 patients, 82 (54%) vitamin D deficiencies were identified and 62 (76%) vitamin D supplement prescriptions written.
Developing a protocol for routine vitamin D screening and supplementation resulted in increased screening and supplementation of vitamin D deficiencies.  Improved screening contributes to preventative healthcare and may lead to lower cost of healthcare.  This project established standardized care for the practice, which is known to improve patient outcomes and reduce costs.  This project translated the evidence on vitamin D and MS to help develop a unified, cost effective, and efficient approach to screening and treatment.  
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Chapter One:  Overview of the Problem of Interest
Background Information 
Vitamin D deficiency is a global health problem with an estimated one billion people worldwide affected by vitamin D deficiency or insufficiency (Sahota, 2014). More than half of the population has hypovitaminosis D with levels below 30 ng/mL (Wimalawansa, Razzaque, & Al-Daghri, 2017).  According to Nair & Maseeh, (2012), “high prevalence of vitamin D insufficiency is a particularly important public health issue because hypovitaminosis D is an independent risk factor for total mortality in the general population” (p. 118).  Evidence has also demonstrated a potential function of vitamin D against cancer, heart disease, autoimmune diseases, influenza, type-2 diabetes, depression, fractures, and falls (Nair & Maseeh, 2012). 
Significance of Clinical Problem 	
Multiple Sclerosis (MS) is among the most common causes of neurological disability in young adults according to the National Institutes of Health (2010).  An estimated 2.5 million people have Multiple Sclerosis (MS) worldwide with nearly one million living with MS in the US (National MS Society, n.d.).  According to Alharbi, (2015) several studies have demonstrated vitamin D levels are lower in MS patients compared to control patients.  For example, the mean serum levels of 25-hydroxy vitamin D in new diagnosed patients with multiple sclerosis versus their healthy relatives were 11.31 and 17.9 ng/ml, respectively (P=0.003) in a study by Mazdeh et al. (2013).  Vitamin D deficiency has been identified as a predictor of developing clinically definite MS for patients with clinically isolated syndrome while higher vitamin D levels have been correlated with lower relapse rate in MS patients (Alharbi, 2015).  Conversely low levels of vitamin D have been linked with high levels of disability as well as cognitive impairment in MS (Thouvenot, Orsini, Daures, & Camu, 2015; Ascherio et al., 2014; Darwish et al., 2017).  Thouvenot et al. (2015) identified Expanded Disability Status Scores (EDSS), a system of quantifying disability in MS patients and monitoring changes in the level of disability overtime, were correlated with plasma vitamin D levels and patients with vitamin D levels >50-nmol/L were 2.78 times more likely to have an EDSS <4 (p=0.0011).  The EDSS scale was developed by John Kurtzke, a neurologist, in 1983.  Patients are given scores, ranging from 0 to 10 by 0.5 unit increments, based on examination by a neurologist with higher scores representing higher levels of disability (See Appendices A).  Ascherio et al. (2014) discovered that levels ≥50 nmol/L at follow-periods of up to 12 months predicted lower EDSS scores (p=0.004) during the following 4 years.  Darwish et al. (2017) found in a study of 88 participants, 47 (53.4%) were 25 (OH) D, a laboratory test for vitamin D sufficient, and 41 (46.6%) were 25 (OH) D deficient at baseline, with mean 25 (OH) D serum levels of 15.8 ± 6.5 ng/ml in the deficient group and 59.6 ± 24.5 ng/ml in the sufficient group. The 25 (OH) D levels increased to 49.0 ± 14.6 ng/ml (p < 0.001 compared to baseline) and cognitive performance improved significantly on the Brief Visuospatial Memory Test delayed recall (p = 0.02) and the Montreal Cognitive Assessment (p = 0.006) in the deficient group after three months of high dose vitamin D supplementation.  Due to factors such as immobility, avoidance of the sun, IV steroids, and use of anti-epileptic medications, the risk for osteoporosis and prevalence for vitamin D deficiency is increased in MS patients.  Given the increased risk for vitamin D deficiency in this population, vitamin D levels should be routinely evaluated for treatment of deficiency (Alharbi, 2015).  
There are various dosages of over the counter vitamin D supplements ranging from 400 to 10,000 IU. High dose of vitamin D3, such as 10,400 IU daily, is safe for MS patients (Sotirchos et al., 2016).    Vitamin D sufficiency recommendations for MS patients range from ≥ 50nmol/L (20 ng/ml) to 75 nmol/l (30 ng/ml) to 125 nmol/l (50 ng/ml) (Alharbi, 2015).  Vitamin D levels are measured in nmol/L or ng/mL; these can be converted to one another by multiplying each nmol/L by 2.5 or dividing each ng/mL by 2.5 (Vitamin D Council, 2016).   
 There is no protocol at the clinic for routine vitamin D screening or supplementation for MS patients.  A protocol for routine screening and supplementation addresses outcomes associated with the Triple Aim, with a goal for improvement in patient quality, health, and cost.    With MS disease progression and disability, health related quality of life diminishes and health care resource utilization and cost increases (Jones, Pike, Marshall, & Ye, 2016).  MS patients with higher disability scores, such as EDSS scores of more than 3, and active relapse have been correlated with significant health resource utilization and poor health related quality of life (E. Jones et al., 2016).  In fact, Jones et al. reported the total costs of care for a patient with an EDSS score >5 was $67,116 versus $51,825 for EDSS scores <3 during the 12-month period.  Thus, slowing down progression and delaying disability through methods such as ensuring adequate vitamin D levels is necessary for optimal patient quality, health and costs.  
Question Guiding Inquiry (PICO) 
An evidence-based practice, literature review strategy was utilized to evaluate this care coordination issue.  The literature search was guided by the PICO framework.   PICO stands for Population, Intervention, Comparison, and Outcome.  The PICO question for this DNP project was:  For complex patients with Multiple Sclerosis receiving care at a MS Clinic in a large metropolitan area [Population], does the development & implementation of a protocol for routine vitamin D screening and supplementation developed from current literature [Intervention], compared with the absence of a protocol [Comparison] improve provider adherence to evidenced based practice and standardization of patient care coordination [Outcome]?
Population.  The population consisted of patients receiving care at a MS clinic in a large metropolitan area.  The population included men and women from 18 to 70 years old with primarily Caucasian and African American ethnical backgrounds.  These patients had various payer types including commercial insurance and government funded insurance such as Tricare, Medicare, and Medicaid. 
Intervention.  The aim of this project was to develop a protocol to promote evidence-based practice related to vitamin D screening and supplementation in MS patients at a MS clinic, for application during each office visit encounter. The intervention involved the development and implementation of a protocol for routine vitamin D supplementation guided by current literature.    This protocol was created for utilization by the MS center providers for a unified approach to vitamin D.  
Comparison. Currently there is no unified approach or consensus between the providers on how vitamin D status should be addressed.   The project assessed the impact of a protocol in lieu of the current absence of protocol on provider adherence to evidence-based practice.
Outcome.   The goal was to achieve adherence to evidence-based practice and standardization of patient care coordination for reduction in undetected and untreated vitamin D deficiencies.  Outcome measures to include the number of patients:  meeting eligibility criteria for testing, whom testing was ordered for, meeting criteria for supplementation, whom supplementation was recommended and ordered, and adherence to recommended supplementation dosing per protocol guidelines.   
Summary
Upon discussion with the lead physician within the Multiple Sclerosis clinic, it was noted that there was no protocol or standardized approach to assessing vitamin D status or to supplementation for vitamin D deficiency in the MS patients within the clinic (Personal communication, March 22, 2018).  The lack of routine vitamin D screening enables an opportunity for deficiencies to go undetected and untreated which evidence clearly demonstrates can result in adverse outcomes in MS patients.  Establishing a protocol for routine screening and supplementation will aid in promotion of evidenced based practice for the providers and aid in prevention of undetected vitamin D deficiency in MS patients at the MS clinic.  The MS Clinic providers will implement a routine screening and supplementation protocol based on current literature for prevention of vitamin D deficiency in MS patients.  After identification of the clinical problem, appraisal of evidence was needed to determine an appropriate solution.

Chapter Two:  Review of the Literature 
An extensive review of literature was conducted to identify evidence.  The evidence was evaluated to determine an appropriate solution for application and utilization in practice.  Potential limitations and impeding variables for application and utilization were established upon examination of the literature and will be discussed in this chapter.
Methodology  
Sampling strategies.   A comprehensive investigation for evidence was conducted.   The goal of the search was to identify the best evidence related to a) vitamin D deficiency, b) vitamin D deficiency in MS, and c) utilization of Dobbins framework for the dissemination and utilization of research.  The literature search was carried out in various sources (PubMed, Google Scholar) and a discussion of key points was held with the MS clinic’s MS subspecialist.  Factsheets and government documents were also included.   Search limits were designated to include full text, English published articles, in peer-reviewed journals after 2008.  Search terms including vitamin D deficiency, vitamin D deficiency and MS, and cost of vitamin D screening and supplementation were utilized.  Studies that were excluded included those containing a non-English language, redundancies, and those not directly related to clinical question (see Appendix B). 
Literature Review Findings 	
Vitamin D monitoring. In chronic disease, such as MS, screening serves as a way to determine the need for improvement and method to improve disease related outcomes (Australian Government Department of Health, 2014).   Sahota recognized the association between vitamin D deficiency and muscle weakness resulting in prolonged walking speed, extended sit-to-stand time, reduced quadriceps strength and higher rate of falls; however, vitamin D supplementation can reverse muscle weakness related to vitamin D deficiency (2014).  Mazumder, Murchison, Bourdette, & Cameron, (2014) discovered people with MS have a high occurrence of falls which may be associated with injury or death and can negatively impact their quality of life.  Vitamin D insufficiency and deficiency is common in MS patients and vitamin D concentrations are lower during times of relapse than during remissions (Ascherio et al., 2014). In fact, Ascherio et al., (2014) determined, “among people with early-stage multiple sclerosis (MS), those with higher blood levels of vitamin D had better outcomes during 5 years of follow-up. Identifying and correcting vitamin D insufficiency could aid in the early treatment of MS” (p.7).  Vitamin D status is an imperative determinant of MS activity both early in the disease course and thereafter, as such it is essential to correct insufficient vitamin D levels (Fitzgerald et al., 2015). 
Vitamin D testing is used to evaluate levels for sufficiency, determine the effects of supplementation, and to aid in guidance of recommended supplementation dosing.   Given the possible varied response to oral vitamin D supplementation, routine re-evaluation of vitamin D levels is necessary (Cleveland Clinic., n.d).   According to Cleveland Clinic (n.d.), vitamin D screening for all patients “the current recommendation is to order a serum 25- OH D (Vit D 25 hydroyx) level, due to its longer half-life and being unaffected by parathyroid levels” (p. 2). The Institute of Medicine defines vitamin D sufficiency as a level ≥ 50nmol/L (Alharbi, 2015).  Vitamin D levels can be defined in units of nmol/L or ng/ml with a conversion of 2.5 ng/ml equaling one nmol/L (Vitamin D Council, 2016).   The Vitamin D Council, (2016) recommends maintaining serum levels of 50 ng/ml (equivalent to 125 nmol/L) with levels > 100 ng/ml (>250 nmol/l) being undesirable and levels > 150 ng/ml (>375 nmol/l) as toxic.
	Vitamin D supplementation.  Early vitamin D supplementation is recommended for patients with clinically isolated syndrome, which is characterized as a single episode of demyelination in the central nervous system, to reduce the risk of disease conversion to definitive MS (Shaheen, Sayed, Daker, AbdelAziz, and Taha, 2018).  Immune dysfunction regulation is a possible benefit of high dose vitamin D3 supplementation with observed reduction in inflammatory T cells in MS patients (Sotirchos et al., 2016).  There are various dosages of over the counter vitamin D supplements ranging from 400 to 10,000 IU.  Even in those who are healthy, toxicity is unlikely when taking 4000 IU of vitamin D daily (Alharbi, 2015).    High dose of vitamin D3, such as 10,400 IU daily, is safe for MS patients (Sotirchos et al., 2016). 
Standardization with protocols.  Despite obvious impact on patient morbidity and mortality adoption of new scientific evidence can take several years (Paiva & Rocha, 2009).  In fact, Paiva & Rocha described instances of a 30-year time period lapse between the publishing of initial case reports on use of effective therapy and its routine utilization (2009).  Standardized protocols are tools which support providers in prompt diagnosis and allow timely implementation of management strategies (Vieta et al., 2017).  Vieta et al. recognized that a standardized protocol, for a unified approach according to the local standards of care, resulted in earlier identification of issues and less invasive coercive management (2017).  For example, the implementation of a protocol in an outpatient clinic resulted in standard of care improvement for secondary stroke prevention (Choi, Han, Li, Kung, & Lam, 2015)
       Vieta et al. (2017) recommends establishing specialized teams and providing them with training on identification and management to reduce burden for the patient and the healthcare system.   Meetings were identified as an imperative task to help provide opportunities to address the complexities in assessment and management with experts, to create an agreement for a unified approach according to standards of care and allow for review & ratification for protocol implementation (Vieta et al, 2017).  Carey, Buchan, & Sanson-Fisher, (2009) advised guidelines should be specific when describing the desired behavior by including details such as the specific recommended action, the appropriate person to take the action, which group of patients it should be applied, and under what circumstances.  Development of a guideline begins with literature examination, evidence ranking, and formation of recommendations (K. Jones et al., 2016).  K. Jones et al. (2016) recommends utilization of a PICO appraisal for standardization of data extraction, a systematic approach to clinical recommendation development to decrease reporting bias beyond the existing knowledge base, and a collaborative appraisal of the evidence to optimize the quality and accountability of concurrent expert recommendations.  Standardized protocols can impact patient outcomes and provider compliance.  For instance, Ripolles-Melchor et al. (2018) determined implementation of a standardized protocol for their postoperative patients was associated with improved patient outcomes such as significantly reduced complications and length of stay as well as a protocol compliance of 88%.
Implementation of protocols for practice change.  Possible benefits to protocol-based care implementation include a more streamlined service delivery for patients, increased autonomy for nurses, and reduced provider workload (Rycroft-Malone, Fontenla, Bick, & Seers, 2008).  The implementation process for guidelines depends on active clinician engagement and a multifaceted approach for success (Prior, Guerin, & Grimmer-Somers, 2008).  Multifaceted interventions, interactive education, and clinical reminder systems were found as effective implementation strategies, whereas didactic education and passive dissemination were futile (Prior et. al, 2008).  Dulipsingh et al. (2016) determined that educating staff on the current clinical practice guidelines resulted in increased testing of HbA1c in hospitalized patients and decreased hypoglycemic and hyperglycemic events immediately following implementation. Aside from considering the best available evidence-based practice, barriers in the clinical setting also need to be taken in account (Choi et al., 2015).  Potential factors resulting in barrier to introduction of an evidenced-based protocol to the outpatient clinic include heavy workload, shortage of consultation time, and limited scope of the drug formulary (Choi et al., 2015). 
The care of the MS patient can be complex with multi system complaints resulting in lengthy consultation times, however providing patient education is vital for optimal patient outcomes. Engaging clinical support staff such as nurses and medical assistants in providing patient education about the role of vitamin D status in their disease is a potential strategy to combat a perceived barrier of increased provider workload.  In addition, the use of electronic health record (EHR) implementation of clinical decision support systems can also potentially reduce provider workload by integrating alerts and order protocols within the office visit form template.  In fact, alerts built into EHR systems improved hepatitis C virus infection screening and treatment and eliminated the need for clinicians to remember to screen patients for HCV or verify prior HCV testing or diagnosis of individual patients (Konerman et al., 2017).
Several theories suggest people’s behavior is influenced by their beliefs about the likely outcomes and the perceived value attached to those outcomes (Carey, Buchan, & Sanson-Fisher, 2009).  Carey et al. (2009) recognized evidence from a review that determined continuing medical education improves knowledge, skills, attitudes, clinical behavior, and patient outcomes.  With perceived value of improved patient outcomes and reduced workflow through streamlined service delivery for patients, providers and support staff are more likely to adopt the behavior.  Therefore, conducting training sessions for clinic staff is crucial before implementation and review sessions are necessary to audit the clinician’s compliance with the protocol. 
Limitations of Literature Review Process
Current studies focus on supplementation in relapsing form of MS and studies investigating supplementation in progressive forms of MS are lacking. In the existing literature the predominance of data promotes attention to correcting vitamin D deficiencies in people with MS, however formal guidelines directing vitamin D supplementation have not yet been established. Researchers are still determining the optimal vitamin D level for those with MS.  Recommended target levels range within the literature from 40 to 60 ng/ml, > 50 ng/ml, >75 ng/ml, and >100 ng/ml (Sotirchos et al., 2016; Ascherio et al, 2014; Fitzgerald et al., 2015).  The lack of formal guidelines results in the approach to screening and supplementation being dependent on provider preference, clinical expertise, and the application of evidence findings from recent studies.   
Discussion 
Conclusion of findings. Collectively the evidence demonstrated the established value of monitoring vitamin D levels and the correction of deficiencies with supplementation in MS patients.  Evidence based protocols/guidelines aim to close the gap between best evidence and existing clinical practice and serve as useful tools for diagnosis and implementation of management strategies for providers and support staff.  Several variables impacting successful implementation have been identified, therefore this information can be used to plan accordingly with attention to barrier avoidance. 
Advantages of findings.  The study design and populations, such as vitamin D supplement dose and MS medication, differ in the studies which allow some generalizability of the results.   The beneficial effect of vitamin D on relapse reduction has been predicted by similar statistical models in five different studies.  There is a clear consensus on the recommended form of vitamin D supplement (D3) and blood test (serum 25 OHD) for status evaluation.   General guidelines on vitamin D supplementation and recommended blood level targets have been proposed by experts in the field.  
Standardized protocols aid in earlier identification of issues and enable optimal management.  Given the inherent positive value of the intervention, it is likely to be adopted by providers and support staff.  Knowledge of potential barriers enables them to be addressed while planning in the pre-implementation stage.   
Disadvantages of findings. Many of the studies testing vitamin D supplements for the treatment of MS consisted of small populations making it difficult to verify the effect of vitamin D.   Additional large randomized, placebo-controlled, double-blinded clinical trials are needed to evaluate the preventive and therapeutic role of vitamin D in MS and to determine the ideal dosage and duration of vitamin D supplementation.  There is currently no consensus on an "optimal" blood level for vitamin D in those with MS, or what blood levels define deficiency, sufficiency, or toxicity.  Additionally, although guidelines have been proposed by experts a formal guideline has not been established.  
Utilization of findings in practice.   A draft of the guideline was developed based on literature findings.  Meetings were held with the providers for further development and buy-in of the standardized protocol which served as a tool for prompt diagnosis and treatment of vitamin D deficiency.  Creating an agreement for a unified approach enabled review and ratification processes for protocol implementation.  Clinical support staff including nurses, medical assistants, and medical scribes were provided education on the role of vitamin D status in MS patients to best enable them to provide patient education.  Support staff were also trained to aid in the initiative to help combat a perceived barrier of increased provider workload.   Weekly chart audits were conducted to review for compliance.  Review sessions were held with the providers regarding their audits with the clinician's compliance with the protocol. 
Summary 
	Although routine vitamin D screening may not be recommended for the general public, the role of routine vitamin D screening and supplementation in improving MS patient’s outcomes is irrefutable.  Guideline creation is often not standardized, and the methods used may not be detailed fully beforehand which can increase the risk of author bias; the impact of guideline authors’ biases can be reduced by having a defined protocol for guideline development, as with clinical trials (K. Jones et al., 2016).
  


Chapter Three:  Theory and Concept Model for Evidence-based Practice 
According to Alligood (2013) a theoretical framework is a set of interrelated concepts that represent a phenomenon. Theoretical frameworks are the foundation of research design which guide the conceptual basis for study (Cantrell, Leighton & Gilbert, 2018).  Theories help to describe how variables relate to one another, provides an explanation for predictions about the relationships among the variables, advises intervention development, explains how variables are measured, guides analysis of the data, and helps to contextualize the results (Cantrell et al., 2018). Findings from literature review are synthesized for common concepts that describe the phenomenon.  For successful application of theoretical framework, it is vital to identify the concepts and theories involved in a project. These common concepts must then be examined to determine an appropriate theoretical framework for project guidance, as the theoretical framework introduces and describes the theory that explains why the problem exists (USC Libraries, 2018). 
Concept Analysis 
[bookmark: _GoBack]The central concept for this project is evidence-based practice.  Melnyk, Fineout-Overholt, Stillwell & Williamson (2010) define evidence-based practice as "a problem-solving approach to the delivery of health care that integrates best evidence from studies and patient care data with clinician expertise and patient preferences and values" (p.51).  Antecedents, incidents which precede the concept of evidenced based practice are problem identification, knowledge of importance of research in nursing, identification of patient/family preferences and values (Higgin & Reid, 2017).  Interrelated concepts, concepts which may affect or be affected by the concept, include: clinical judgment, health information technology, quality improvement, and safety (Higgin & Reid, 2017).  Vital components of the primary concept, evidence-based practice, include being a consumer of research and evaluating the evidence (Higgin & Reid, 2017).  Malfunction within the concept of evidence-based practice can result in ineffective utilization of resources, unsatisfactory patient outcomes, and gap between knowledge and practice; whereas successful evidence-based practice produces cost effective care, accountability for practice, and protect credibility (Higgin & Reid, 2017). 
Within this project a malfunction in evidenced based practice has resulted in a gap between knowledge and practice pertaining to vitamin D deficiency.  Vitamin D deficiency has been identified as a problem for MS patients, for which the value of routine monitoring and correction with supplementation has been established.  
Theoretical Framework 	
The Dobbins framework for the dissemination and utilization of research was utilized for translation of evidence to evidence-based practice. The process of research dissemination and utilization is intricate and susceptible to several variables related to innovation (research evidence), organization, environment, and individual (Dobbins, Ciliska, Cockerill, Barnsley, & DiCenso, 2002).   Dobbins et al. (2002) described the process of achieving innovation through the following five stages: knowledge, persuasion, decision, implementation, and confirmation. 
The initial stage, knowledge, in the innovation adoption process is the decision makers and practitioner’s awareness of the innovation and the extent of their knowledge is dependent on dissemination strategies (Dobbins et al., 2002). Next, the persuasion stage entails the perception developed after awareness of an innovation/research evidence (Dobbins et al., 2002).  Factors influencing innovation perception include the innovation, organization, environment, and individual (Dobbins et al., 2002).  Dobbins et al. (2002) recognized Rogers’ five specific attributes used to assess the advantages and disadvantages of innovations including relative advantage, compatibility, complexity, trialability and observability.  The decision stage follows including both individual and organizational evidence-based decision-making activities which result in choice to adopt or reject the research evidence (Dobbins et al., 2002).   A rejection decision may be revisited at a later date after additional evidence is published or if the data from the confirmation stage indicates adoption is justified (Dobbins et al., 2002).  Alternately the individual or organization may decide to adopt the innovation in part, entirety, or in a modified form; this transfer of evidence into policy and practice encompasses the implementation stage/ research utilization stage (Dobbins et al., 2002).   The last stage, confirmation, is illustrated by the evaluation of the consequences of the innovation adoption or rejection, which may either validate the previous decision or determine decision reconsideration with the application of the new information (Dobbins et al., 2002).
Application to practice change.  Application of this framework was beneficial in identifying potential influences to ensure successful innovation.  The most effective dissemination strategies were described as academic detailing, audit and feedback, the use of opinion leaders, and one to one contact with the intended audience (Dobbins et al., 2002).  Upon completion of the educational sessions, the providers will recognize routine screening and supplementation of vitamin D deficiencies in MS patients as a preventative measure worth their time. Given the lack of protocol, the relative advantage of a protocol for routine screening and supplementation of vitamin D deficiency was evident.  The providers’ value of best practices and need for a tool for unified approach in the diagnosis and management of vitamin D deficiencies was addressed by the protocol.  Education was provided to the three MS clinic providers regarding current evidence-based findings for vitamin D deficiency screening and testing.   A protocol was developed upon provider consensus of the vitamin D deficiency value definition and subsequent recommended supplementation dosing based upon the serum vitamin D levels. The protocol developed was direct and simple to avoid complexity. The urge to set themselves apart from competing organizations within the area through driving innovation and the ability to implement the innovation within the MS clinic promoted a positive perception of trialability and encouraged innovation adoption. Laboratory testing for serum vitamin D levels was readily available within the clinic’s existing EHR, however each provider was not consistently using it.  This was identified as a barrier to address for successful implementation.  EHR chart alerts were employed to prompt providers for test ordering for patients who met the criteria for routine vitamin D screening and supplementation. The provider then took the appropriate actions according to the protocol for test ordering, monitoring, or supplementation within the EHR physician order-entry system.  The influence of the providers, especially the lead physician within the MS clinic and the director of strategic initiatives, were key in shaping the organizations behavior.  The resulting observability included changes in physician practice, compliance with recommendations for practice, and changes in prescribing practices as suggested by Dobbins et al. (2002). Provider use of the vitamin D screening knowledge as well as measuring the outcomes applicable to the increase in vitamin D screening and supplementation, corroborated change was occurring.
Pender’s Health Promotion Model	
Pender’s health promotion model is a widely used model for behavior change and health promotion planning.  This model is based on social cognitive theory which identifies cognitive-perceptual factors (perceived benefits, barriers, and self-efficacy) influence on engagement in health-promoting behaviors (Khodaveisi, Omidi, Farokhi, & Soltanian, 2017).  Factors such as demographic characteristics, interpersonal influences, and behavioral factors are believed to interact with each other to influence cognitive perceptual processes (Khodaveisi et al., 2017).  The components of Pender’s Health Promotion Model provide a rich source of interventional content and strategies.  For optimal health promotion, one must understand the social determinants of health, the social context, individual situations and perspectives, and all the complexities that influence one's motivation and ability to engage in health promotion activities.
Application to practice change.  Pender’s health promotion model’s aims for action directed at attaining a positive health outcome such as optimal wellbeing. The model suggests a person commits to engaging in behaviors from which they anticipate deriving personally valued benefits (Petiprin, 2016).  The concept of intention and identification of a planned strategy that leads to implementation of a health behavior is consequential of the individual’s commitment to the plan of action (Petiprin, 2016).  The model advocates greater the commitment to a specific plan of action, the more likely health-promoting behaviors are to be maintained (Petiprin, 2016).    This is an important concept as given the knowledge of potential adverse outcomes associated with hypovitaminosis D patients are more likely to maintain behaviors to promote adequate vitamin D status.  Health-promoting behaviors involve activities that enable people to monitor their health and which are useful to improve individual and community health (Khodaveisi et al., 2017).  Education and interventional methods can be effective as long as behavior is emphasized (Khodaveisi et al., 2017).  Pender’s model identifies health care providers as a crucial primary source that can increase or decrease commitment to and engaging in health promoting behavior, thus highlighting the healthcare providers vital role in providing patient education for optimal patient wellbeing.  Given the influential role of health care providers on patient health promotion, empowerment through education on best practices is vital for effective promotion.  The valuable information gained from training sessions enhances their knowledge and attitudes, clinical behavior, and ultimately patient outcomes.  Through their increased awareness they are best able to serve as resources and facilitators of health promotion through patient education.  
Evidence-Based Practice Change Theory 
The drive for evidence-based practice, EBP, began after an unacceptable gap between knowledge and practices in patient care was identified (Stevens, 2013).   Demand for assimilation of evidenced-based practice in practitioner's work has grown with the national Healthy Peoples 2020 initiative who calls for improved practices driven by the best available evidence and knowledge (Jacobs, Jones, Gabella, Spring, Brownson, 2012).   Evidence-based practice helps to serve as a guide for the process of translating research into clinical practice by moving existing knowledge into the daily routines of practice.  EBP is a method to standardized healthcare practices according to science and best evidence to reduce illogical variation in care, which is known to produce unpredictable health outcomes (Stevens, 2013).  According to Wyant (2017), EBP is produced through integrating available research, clinical expertise, and patient preferences to individualize care and promote effective care decision-making.  The three pillars of evidence-based practice include research evidence, clinical expertise, and individualization of care through inclusion of patient preferences (Stevens, 2013).    Clinical decisions are reached through the combination of each of these three components for optimal clinical outcomes and quality of life (Duke University Medical Center Library & UNC Health Sciences Library, 2018). 
There are various models which provide an organized approach to evidenced based practice that can prevent incomplete implementation and maximize use of nursing time and resources (Gawlinski & Rutledge, 2008).   There are several models which meet the needs of various nursing environments, although there is no model for universal use (Gawlinski & Rutledge, 2008).  Most models have the following common phases: identification of a problem, gathering of best evidence, determination of potential practice change, implementation of practice change, and evaluation of practice change outcomes related to adherence to process and planned outcomes (Gawlinski & Rutledge, 2008).  The process typically starts with a question that arises from the care of the patient when a problem is identified (Duke University Medical Center Library & UNC Health Sciences Library, 2018).  Next clinicians must construct a well-built clinical question, or PICO, for further investigation into the evidence (Duke University Medical Center Library & UNC Health Sciences Library, 2018).  Appropriate resources should be utilized to conduct the literature search and acquire the evidence through evaluation of published reports, journal articles, correspondences and available studies (Duke University Medical Center Library & UNC Health Sciences Library, 2018).  The evidence gathered must then be appraised for validity and usefulness in clinical practice (Duke University Medical Center Library & UNC Health Sciences Library, 2018).  The clinician then combines the evidence with clinical expertise, patient preference, and implements it to practice (Duke University Medical Center Library & UNC Health Sciences Library, 2018).  The final step in the process is assessing the adherence to the process and determining if the intended outcomes were reached (Duke University Medical Center Library & UNC Health Sciences Library, 2018).
Of the available EBP models, the John Hopkins EBP Model is an ideal framework for translating evidence into practice.    This model is comprised of a three-step process called PET: practice question, evidence, and translation (see Appendix D).  This model's objective is to ensure the latest evidence and best practices are quickly and appropriately integrated into patient care (John Hopkins Medicine, 2017).    First the practice problem must be identified and defined for development of the evidence-based practice question.  The evidence is then gathered and recommendations for change are based upon synthesis of the evidence.   The fit, feasibility, and appropriateness of the recommendation for translation are then determined for creation of an action plan.  Resources and support for implementation must then be secured for implementation of the action plan.  After implementation the outcomes must be evaluated, and outcomes must be reported to stakeholders and the findings are disseminated.  
Application to practice change.  This theory served as a guide for promoting evidence-based practice change.  The process started with defining the problem and developing an EBP question exercising the P.I.C.O. model.  The EBP question was then utilized to gather the evidence for further appraisal and synthesis.  The evidence was presented to the providers with the recommendations for the protocol.    An action plan was developed by employing the John Hopkin's EBP model action plan tool (see Appendices E).   The steps in the tool were followed to ensure successful translation including securement of a project leader, identification of change champions, considering requirement of additional members for translation activities, identification of critical milestones and related tasks, and identification of pre and post measures for observation (Dang & Dearholt, 2017).  Support from the EHR department manager, medical scribes, and nurses was obtained for assistance in implementation.   Outcomes were evaluated weekly and feedback was provided to the stakeholders every four weeks.  Final outcomes were evaluated and any appropriate changes for future application were identified for dissemination of findings.
Summary 
Scientific knowledge is ever evolving and is now readily available to health practitioners.   This knowledge can be utilized systematically by practitioners to solve problems and measure outcomes.  To do so practitioners must have the skills and resources for implementation. There are numerous tools available to aid in efficient and successful incorporation of the best available evidence into practice.   


Chapter Four:  Pre-implementation Planning
To ensure successful implementation, it was essential that the necessary tools and resources were identified and a plan for execution was made.  Each component of implementation from organizational readiness, key players, costs, and evaluation methods as such, had to be determined.  Once each of these factors were addressed the project was then ready to proceed to implementation.   
Project Purpose 
The purpose of this project was to promote provider adherence with evidence-based practice related to vitamin D screening and supplementation for MS patients by implementing a standardized protocol.   The goal was to achieve adherence to evidence-based practice and standardization of patient care coordination for reduction in undetected and untreated vitamin D deficiencies.  The lack of routine vitamin D screening enabled an opportunity for deficiencies to go undetected and untreated which the evidence clearly demonstrates can result in adverse outcomes in MS patients.  Establishing a protocol for routine screening and supplementation would aid in standardization of patient care for improved screening of vitamin D deficiency in MS patients at the MS clinic (see Appendices F).  The plan was for MS Clinic providers to implement a routine screening and supplementation protocol based on current literature for increased identification of vitamin D deficiencies and subsequent treatment in MS patients.
Project Management
Organizational readiness for change. Weiner (2009) described the importance of establishing organizational readiness for change for change management.  He noted readiness for change is marked by an organization’s change commitment and change efficacy; which are qualities characterized by an organizational members' shared decision to implement a change and their shared belief in their collective capacity to do so (Weiner, 2009).   According to Weiner (2009) readiness for change is dependent upon their value of the change in addition to perceived task demands, resource availability, and situational factors.  High readiness for change positively affects implementation, producing greater effort, persistence, and more cooperative behavior (Weiner, 2009).  Meetings with each of the providers and the director of strategic initiative confirmed their support, understanding of the value of the project, and validated this quality improvement initiative aligned with the organization’s goal to provide patient focused and quality driven care.   The organization’s regard for a collaborative working environment was also a positive indicator for organizational readiness.  The organizational dedication to staying abreast to current evidence-based practices was apparent by the providers’ regular engagement in neurology specialty conferences.  The multitude of services available within the facility positively contribute to the providers’ belief in their ability to care for their patients.  Their knowledge of available resources for implementation of the initiative such as utilization of existing laboratory services, application of existing health information technology system capabilities, and assistance from support staff including nurses and medical scribes in promoting the initiative provided an assuring indicator for implementation.  Given the positive appraisal of these key determinants of implementation capability of the organization it was apparent they were ready for change.   
Inter-professional collaboration.   Collaboration within the health care team is essential to facilitate EBP.  In fact, Grossman and Bautista (2002) recommend collaboration to assist in quality improvement implementation within healthcare organizations.  Determining the roles and responsibilities for patient care team members in promoting success of the protocol initiative was essential.  Clinical support staff including certified medical scribes, a medical assistant, and nurses were provided information on the role of vitamin D status in MS patients to best support them in the protocol initiative and for use as patient education reference resources (see Appendix G).  To reduce resistance to change it was important to gain all stakeholders’ support and ensure that the staff understood the reasoning for the change which would offer a promising strategy for providing high quality care for their patients (Agency for Healthcare Research and Quality, 2014).  Roles were outlined to ensure staff members had a clear understanding on how and if their duties would change.   For the project, the medical assistant and nurse’s responsibilities would not change from their regular daily operations. 
The medical assistant, MA, continued to be responsible for medication reconciliation during each patient encounter ensuring the most accurate list was documented in the patient's chart including name, dosage, frequency, and route of medications, vitamins, and supplements.   Additionally, the MA also remained accountable for reporting any prescription or supplement related issues to the nurse and provider. The nurses continued to reconcile medications, inform patients of laboratory results, educate patients on the need for supplementation, and advocate for patients regarding any appropriate orders or prescription needed.   
The routine data entry responsibilities of the certified medical scribe specialists, CMSS, remained, however they acquired the new responsibility of assisting the provider in protocol screening.  The CMSS continued to accompany their provider to capture and enter health information into the EHR during patient office visits including the history of the patient's present illness, review of systems, physical examinations, lab values, testing results, progress notes, and continued care plan and medication lists (AHIMA, 2012).  Given high level access and capabilities within patient records in electronic systems, CMSS may be the first to see alerts and warnings generated by clinical decision support software (Proctor, 2014). Medical scribes have been shown to increase productivity for physicians by 10% and ease clerical burdens of CPOE and EHRs through clinical documentation and practice efficiencies (The American College of Medical Scribe Specialists, 2016).   Additionally, CMSS can facilitate computerized provider order entry (CPOE) support, including laboratory, radiology, and e-prescribing, and assist providers with clinical decision support (CDS) functions.   The CMSS aided in provider order entry for the vitamin D lab work when appropriate.  
  Possible benefits to protocol-based care implementation include a more streamlined service delivery for patients, increased autonomy for nurses, reduced provider workload, and improved and consistent communication with the plan of care.  The intervention empowered the nurses to assess and educate patients, reconcile medications, and discharge patients under protocols without having to wait for physician input or written orders.   Engaging support staff in the initiative also helped to combat any perceived barrier of increased provider workload. 
Risk management assessment. Queensland Government (2016) recognized utilization of SWOT analysis as a common part of strategic planning to aid in process change.  SWOT analysis is a time and cost-efficient tool to help identify and understand key issues affecting an organization which can enable strength building, weakness minimization, opportunity seizing, and threat counteracting (Queensland Government, 2016).    A SWOT analysis was conducted for the project organization (see Appendices H) to determine the health and resource needs, concerns, values, and assets of the organization.  
This organization operates at a high level of efficiency due to their outstanding facilities, vast service availability, exceptional staff, and strong commitment to excellent patient care.  Fortunately, this organization had many strengths to combat external threats.  For instance, their positive customer and public perception as well as ability to accept numerous insurances helped to minimize competition with other nearby neurology specialty clinics. Obstacles in obtaining shared patient medical information from other EHR systems and reimbursement challenges could be overcome due to committed medical records and financial services staff. Likewise, with the assistance of supportive staff for order and prescription entry, providers were able to efficiently utilize the seemingly short appointment times (Proctor, 2014).  
Opportunities for improvement included utilization of available clinical decision support application within the EHR to aid with standardization of care. Given the changes in the population needs with growing evidence supporting best practices there was an opportunity for standardization of MS patient care.  
Organizational approval process.  The process for organizational approval was completed through discussions with the director of strategic initiatives and the project site champion.   A verbal proposal was given to both organizational members. A letter of support was then provided by the organization.
Information technology.  Various forms of information technology were utilized within the project.   Email was used for corresponding with each of the interdisciplinary team members to exchange information and coordinate meetings.  The electronic health record system was utilized by the provider and support staff for vitamin D order entry, laboratory results reporting, and for vitamin D supplementation prescribing. EHR chart alerts were used as an aid to prompt providers in test ordering for patients who met the criteria for routine vitamin D screening and supplementation. This alert displayed the date and value of the last vitamin D level completed and prompted the provider to take the appropriate actions according to the protocol for test ordering.  Excel was utilized for completion of observational checks, storing of data, data analysis and creating of frequency polygon.   
Cost Analysis of Materials Needed for Project
Due to established electronic health records system already in place, there was little demand for monetary budget needs.  Cost for printing educational materials and protocol documents were minimal. Time was the largest resource required.  Costs associated with time included: conducting chart audits, development of the chart alert within the EHR, provider and staff education, follow up meetings with providers and staff, protocol implementation, and data collection and analysis.  
Plans for Institutional Review Board Approval
Before any research project involving human subjects can be initiated, it must first be reviewed and approved by an institutional review board (IRB).  CITI training was completed by the project lead for education and training on the protection of human research subjects as required.  To determine whether IRB approval was necessary, an IRB QI/Program Evaluation Self-Certification Tool Guidance document was completed.  The university IRB deemed the project as quality improvement and no further review was required (see Appendix K).
Plan for Project Evaluation
Demographics.  Information being collected included performance measures’ data for Provider One, Provider Two, and Provider Three. Performance measures included the frequency in which components of the protocol were met by the provider. The performance measurement were displayed as frequencies and percentages for each component of the protocol met. 
Outcome measurement. Provider compliance with the protocol for screening and supplementation was evaluated weekly.  Chart audits and utilization of quality reports were reviewed to obtain data post implementation period. Data collection and trending included: patients meeting criteria where testing was not ordered, patients meeting criteria where testing was ordered, patients with deficiency whom were prescribed replacement supplementation, patients with deficiency whom were not prescribed replacement, and provider compliance with the protocol guidelines for supplementation.  
Evaluation tool.  A check sheet (see Appendix J) was utilized for collection and observation of data. Observational counts were obtained via weekly chart audits and documented for individual compliance and improvement.  The process included a continual evaluation to identify potential barriers to providers’ success with compliance.  Resources and strengths were reassessed to determine any necessary strategies to overcome barriers.  
Data analysis.  Descriptive statistics including frequencies and percentages were utilized when evaluating provider compliance.  Counts were used to represent instances of data collected and documented on a check sheet.  Data collected on the check sheets were then entered on an excel spread sheet for data analysis.  The denominator consisted of the number of patients with the diagnosis of MS seen by each of the providers in the clinic each week (HRSA, 2011).  An inclusion parameter for the denominator was patients with MS whom vitamin D testing had not been completed in the past year; whereas not having a diagnosis of MS or having a diagnosis of MS and vitamin D completion in the past year indicated in the chart were exclusion parameters (HRSA, 2011).  The numerator represented MS patients who had not completed vitamin D testing in the past year for which vitamin D testing was ordered by the provider for completion at their office visit encounter (HRSA, 2011).  Each measure was calculated by dividing the numerator by the denominator, then multiplying it by 100 to symbolize the percentage of compliance (HRSA, 2011).  Thus, the number of MS patients with no vitamin D testing in the past year for which vitamin D testing was ordered was compared to the number of patients for which vitamin D testing was not ordered.  The results were then multiplied by 100 to depict the percentages for the time period evaluated.  Data collected was evaluated to assess provider compliance with the protocol and to determine improvement in provider performance over a 12-week period. 
Data management.  Data was collected on each provider through a combination of quality reports obtained through the EHR and weekly chart audits.  Each week the project site provided daily reports identifying patients with a diagnosis of MS that were seen by the three providers.  These quality reports determined which charts were to be reviewed. The quality reports were shredded upon completion of the chart review and count obtainment. No identifying information was collected on the check sheet.  Data collected were entered on an excel document and stored electronically on a password protected computer in locked office. A copy of the excel document check sheet was also stored on Microsoft OneDrive.  The providers were de-identified and coded as Provider One, Provider Two and Provider Three for displaying of outcome data.  
Summary
The tools and resources for implementation were identified and plans for successful implementation were outlined.   As each of the pre-implementation components has been addressed, the project could now proceed to the implementation stage.  


Chapter Five: Implementation Process
This chapter describes the implementation of the evidenced based quality improvement project. The setting, participants involved, and the recruitment process are described.  The implementation process is reviewed and variations in the plan are explained.   
Setting
	A neurology specialty clinic in a large metropolitan area was chosen as the setting for various reasons. First, the clinic provides sub-specialty care with a MS subspecialty clinic for a large population of MS patients.  The need for intervention at this location was evident by the absence of a protocol for standardized vitamin D screening or supplementation for MS patients at the MS clinic.  The MS clinic saw 925 multiple sclerosis patients from September to December 2018; of those patients only 173 (18.7%) received vitamin D test orders for completion.
Participants
The participants included the MS clinic staff members.  The providers and clinic staff consisted of two medical doctors, one family nurse practitioner, two nurses, one medical assistant, and one certified medical scribe.  Each were educated on the protocol for optimal implementation. This evidence-based protocol initiative was tailored to the care of MS patients.  Population inclusion criteria included patients with a diagnosis of MS whom vitamin D testing had not been completed in the past year.  Exclusion criteria included patients without a diagnosis of MS or patients with a diagnosis of MS whom had vitamin D testing completed in the past year. 
Recruitment
Providers and staff were recruited from the MS sub-specialty clinic.  These staff members were chosen as majority of their patient population consisted of MS patients whom they provided care and treatment management and the absence of a standardized approach for assessing vitamin D status or supplementation within the clinic.  Due to their direct patient care with the MS patients, providers and members of their support staff team including nurses, medical assistant, and certified medical scribes were also included.  The mutual goal of patient focused, and quality driven care affirmed the provider’s stake in the initiative.  The support staff participation buy in was largely endorsed by the support from the providers and director of strategic initiative.  
The provider responsible for the patient's care in addition to their certified medical scribe specialist determined appropriate patients who met criteria for testing per the protocol during each patient visit. Furthermore, the responsible provider, certified medical scribe specialist, nurse, and or medical assistance had the ability to identify patients who met criteria for supplementation per the protocol guidelines.  A list was provided by project site for patient chart review. 
Implementation Process 
Education was initially provided to the three MS clinic providers regarding current evidence-based findings and review of the draft protocol. A protocol was finalized upon provider agreement of the value for definition of vitamin D deficiency and subsequent recommended supplementation dosing based upon the serum vitamin D levels. This protocol served as an evidenced based guide for laboratory test ordering, monitoring, and supplementation within the EHR physician order entry system.  The providers were re-educated on the protocol prior to the 12-week implementation period and during the review sessions every four weeks. 
  The providers and clinical staff were educated, via one on one meetings, on the use of the protocol as well as the use of the educational materials which were made available.  Informational handouts were made available as a patient education resource from the Vitamin D Council regarding vitamin D, testing, and needs (see Appendix G). Provider performance and compliance with the protocol were assessed throughout the 12 weeks through weekly chart review.  Outcomes were evaluated weekly and feedback was provided to the providers every four weeks. The process underwent continual evaluation to identify potential barriers to providers’ success with compliance.  Resources and strengths were reassessed to determine any necessary strategies to overcome barriers. Evaluation for any necessary changes to the protocol were completed during the reviews with follow up meetings with the providers and staff.  
Plan Variation 
During week seven, there was an unforeseen issue with the site’s EHR which resulted in the EHR unexpectedly not being available, with the system being down, data was unable to be collected during this time.  Given the interruption in ability to evaluate the improvement for this week, the implementation period was extended by one week.  Additionally, the vitamin D indicator alert within the EHR was affected when the system went down.  The providers noted that the indicator was no longer working.  This occurred during weeks 8-10.  The EHR staff were notified of the issue for further investigation and resolution.  The indicator’s function was restored for utilization for weeks 11 and 12. 
Summary
Once the setting and participants were defined and recruited, the implementation process was able to be initiated for data collection and evaluation.  The implementation of the project involved education, utilization of the vitamin D EHR indicator, and application of the protocol to practice for the providers.  Unforeseen technical difficulties arose; however, the implementation plan was adjusted accordingly for further evaluation.  
Chapter Six:  Evaluation of the Practice Change Initiative
Weekly chart auditing was conducted for the 12 weeks of the implementation period for data collection.  Data collected for analysis of outcomes and identification of strategies for future application will be discussed in this chapter.  
Participant Demographics 
The providers consisted of two physicians and one nurse practitioner.    The three providers were MS subspecialist providing care within a MS clinic in a large metropolitan area.  The providers had more than 50 years of combined experience in caring for patients with neurological diseases.  Two of the provider’s regular clinic schedule were Monday, Thursday, and Friday, whereas the other provider’s schedule was Monday through Friday.  Throughout the implementation period there were 19 days where a provider was out of office.  
The population comprised of patients under the care of the three providers for the diagnosis of MS seen in office from January to April 2019.  A total of 726 multiple sclerosis patients were seen in the clinic during this time.  
Intended Outcome(s) 
The objective of the project was to implement a routine screening and supplementation protocol to achieve adherence to evidence-based practice and standardization of patient care coordination for reduction in undetected and untreated vitamin D deficiencies. Ensuring MS patients have adequate vitamin D levels optimizes patient quality and decreases harmful complications associated vitamin D deficiency such as possible disease progression, disability, diminished health related quality of life, and increased health care resource utilization and cost (long term goal). 


Findings 
Of the 726 multiple sclerosis patients seen in the MS clinic from January 7 through April 5, 2019; 151 (20.8%) vitamin D tests were ordered for completion.  This was an improvement from 18.7% completion in the previous four months. 
There were a total of 333 (46%) patients out of the 726 MS patients whom a vitamin D order had not been placed in over a year.   There were 82 (54%) vitamin D deficiencies identified and 62 (76%) vitamin D supplement prescriptions.    Table 1 displays an improvement seen in both the number of vitamin D orders placed and the number of high dose vitamin D prescriptions provided from weeks 1-4 to weeks 4-8.  There was a slight decrease in both the number of vitamin D orders placed and the number of high dose vitamin D prescriptions provided from weeks 4-8 to weeks 9-12, however these numbers were still an improvement from the initial weeks 1-4.  
Table 1: Patients Seen Without Vitamin D Order in Over a Year
	Time Period
	# Pts w/o Vitamin D Lab


 n 
	# Vitamin D Orders Placed


   n    (%)
	# Vitamin D Deficiencies


   n   (%)
	# High Dose Vitamin D Prescriptions Provided 
   n   (%)

	Weeks 1-4
	138
	47 (34%)
	29 (62%)
	12 (41%)

	Weeks 5-8
	131
	73 (56%)
	41 (56%)
	40 (98%)

	Weeks 9-12 
	64
	31 (48%)
	12 (39%)
	10 (83%)

	Total
	333
	151 (45%)
	82 (54%)
	62 (76%)



Through weekly chart audits, individual provider’s compliance to vitamin D ordering and vitamin D supplementation were tracked and reviewed monthly with the provider (Appendix L).  Provider compliance in use of protocol for both vitamin D ordering and vitamin D supplementation increased from weeks 1-4 to weeks 4-8 as illustrated in Table 2 and Appendix L.    A slight decrease in total provider compliance was noted in both vitamin D ordering and vitamin D supplementation from weeks 4-8 to weeks 9-12, however the data remained improved from weeks 1-4.  
Table 2: Providers Adherence to the Protocol
	Time Period
	Ordering

   n   (%)
	Vitamin D Supplementation
   n    (%)

	Weeks 1-4
	47 (34%)
	12 (41%)

	Weeks 5-8
	73 (56%)
	40 (98%)

	Weeks 9-12 
	31 (48%)
	10 (83%)



Summary
Despite the unforeseen technical difficulties with the EHR, the providers reported distinctive benefit from the vitamin D indicator alert within the EHR during the implementation period.  Provider education, feedback, and the vitamin D indicator alert within the EHR were associated with increased adherence to evidenced based practice for routine screening and supplementation of vitamin D in MS patients.  

Chapter Seven:  Implications for Nursing Practice
Practice Implications    
The implications for nursing practice illuminated by this project include enhancing population health through utilization of applicable preventive screenings, particularly routine vitamin D screening for the MS population.  The project revealed that use of education, chart alerts, and feedback resulted in increased screening compliance.    Although there were ebbs and flows during the implementation period, the providers were able to improve the vitamin D screening rate for MS patients from 18% to 20%.
The Essentials of Doctoral Education for Advanced Nursing Practice, also known as the DNP Essentials, define the core competencies universal to advanced practice roles (AACN, 2006).  These eight essentials, detailed below, provide the construct for DNP curriculum, the framework for the DNP scholarly project, and the foundation for future practice scholarship.  
Essential I:  Scientific underpinnings for practice.  The first DNP Essential, scientific underpinnings for practice, involves translation of knowledge gathered from the sciences to benefit patients in practice environments (AACN, 2006).  Information obtained from literature review provided the evidence to guide practice.  The discoveries from the literature review revealed information on the optimal target vitamin D level and supplementation method which were most beneficial when discussing the project with providers at the project site.  The data from the scholarly sources provided recommendations for a consensus to be established by the clinicians to help close the gap between best evidence and the existing clinical practice. 
Several theoretical frameworks were utilized to guide the development, implementation, and evaluation of the project.  The Dobbins framework for dissemination and utilization of research was utilized to guide the development of the project, specifically by identifying potential influences and strategies to ensure success such as dissemination strategies including education and feedback.  Pender’s Health Promotion Model determined the vital role of healthcare providers on patient health promotion and the necessity of education on best practices for empowerment and effective promotion.  This model encouraged the intervention of provider education to enhance knowledge, attitudes, behavior, and ultimately patient outcomes.    The John Hopkin’s Evidence Based Practice directly guided the process for the development, implementation, and evaluation of the evidenced based practice change.  
A recommendation for future projects is to evaluate patient adherence to the vitamin D regimen to identify factors that lead to noncompliance.  This information may be helpful to ensure further success of the initiative.   Additionally, further development is needed in standardization of practice and application of a vitamin D protocol for the MS population.
[bookmark: _Hlk11765831]	Essential II:  Organization and systems leadership for quality improvement and systems thinking.  The second DNP Essential, organization and systems leadership for quality improvement and systems thinking, involves development and evaluation of care delivery methods to meet the needs of patient populations (AACN, 2006).  The target population at the project site was providers working with patients with the diagnosis of MS.  The vitamin D protocol was developed for implementation to address the identified gap in care for MS patients.  The economic burden associated with multiple sclerosis exacerbation, disease progression, and sustained disability for the healthcare system was addressed by this project.    By enabling identification of vitamin D deficiency through screening, deficiencies can easily be treated with supplementation to reduce these possible adverse outcomes associated with vitamin D deficiency in MS patients.  The cost of vitamin D screening and supplementation was determined to be a smaller economic burden in comparison to the treatment of a MS exacerbation.
Essential III:  Clinical scholarship and analytical methods for EBP.  The third DNP Essential, clinical scholarship and analytical methods for EBP, involves the translation of research into practice through application and evaluation (AACN, 2006).   Through research, analysis, evaluation and synthesis of data, DNP prepared nurses are able to initiate and evaluate practice change and disseminate their findings to further contribute to evidence-based practice development.  This project translated the evidence on vitamin D and MS to help develop a unified, cost effective, and efficient approach to screening and treatment.  Research and analysis of the literature were completed to guide the process development for practice change.  The goal was to implement a protocol to appropriately screening vitamin D levels in MS patients who met the criteria based on best practices.   This required interprofessional collaboration between the providers and the support staff for optimal success.   
A crucial part of clinical scholarship is the dissemination of findings.  Through dissemination of findings, evidence-based practice can be further developed.  Presenting the findings to not only the project site, but also to other providers caring for MS patients is important to further promote screening.   This project found that education, chart alerts, and provider feedback increased screening compliance; whereas the vitamin D chart alert promoted improved provider workflow.  This evidence is beneficial to help guide further improvements in practice and outcomes of care.  Additional quality improvement projects are needed to further guide a routine vitamin D screening protocol.	
Essential IV:  Information systems/technology and patient care technology for the improvement and transformation of healthcare.  The fourth DNP Essential, information systems/technology and patient care technology for the improvement and transformation of healthcare, involves the utilization of information systems/technology (IT) to aid in improving patient care and healthcare systems (AACN, 2006).  IT can be utilized to incorporate evidence-based interventions and to collect and analyze data for quality improvement.  
Utilization of electronic health records (EHR) was a method employed to support patient and healthcare in this project.   In fact, the EHR utilization was essential for the data collection and outcome evaluation of this project.   Pre implementation data was collected via utilization of the EHR.  The EHR was also utilized to create quality reports which included MS patient seen by the providers for further chart auditing and protocol compliance data collection during the implementation period.  Additionally, the EHR provided an interface for the vitamin D indicator chart alert to be implemented to enhance provider workflow and promote protocol compliance
	Essential V: Healthcare policy for advocacy in healthcare. The fifth DNP Essential, healthcare policy for advocacy in healthcare, involves the design, influence, and implementation of healthcare policies to reduce health disparities, increase access to care, quality of care, and improve delivery of care (AACN, 2006).  Further medical policy development is needed for vitamin D testing coverage for MS patients under medical necessity with insurance payers.  For instance, BCBSNC (2019) currently deems vitamin D testing medically necessary and provides coverage if there is documented vitamin D deficiency, for repeat testing for reevaluation after at least 12 weeks of supplementation therapy, and for certain specified underlying disease or conditions associated with vitamin D deficiency.  Currently this policy does not specify the diagnosis of MS, however most patients are able to have the testing covered under the specified “long term use of anticonvulsants, glucocorticoids and other medications known to lower vitamin D levels” indication (BCBSNC, 2019).  The coverage issue particularly tends to arise for first time vitamin D level testing, as once there is documentation of vitamin D deficiency it is a coverable service moving forward (BCBSNC, 2019).  The exclusion of the MS patient population from coverage under medical necessity poses a potential barrier in access to care and health disparity.  DNP prepared nurses can influence policy, such as this, to improve health care delivery and outcomes through active committee, board, or task force participation.  Additionally, further policy development for application and standardization of a vitamin D protocol for MS patients is needed to address these barriers in consistent and efficient care.  
Essential VI:  Interprofessional collaboration for improving patient and population health outcomes.  The sixth DNP Essential, interprofessional collaboration for improving patient and population health outcomes, involves the provider’s ability to function in collaborative teams for effective and efficient patient centered care (AACN, 2006).  DNP prepared nurses must demonstrate effective communication and collaboration skills for optimal development and implementation of practice guidelines and standards of care (AACN, 2006).  Interprofessional collaboration was fundamental for this project.  The interprofessional team consisted of providers, nurses, certified medical scribes, a medical assistant, and EHR staff members.  Interprofessional collaboration was fundamental for the clinical staff members support to improve patient care delivery and the EMR staff expert advisement was imperative during the coordination and creation of the vitamin D indicator chart alert for the project.  Given the complexities of today’s health care environment collaboration of various specialists and professionals is essential.  DNP nurses are prepared with skills and qualifications to provide effective leadership to facilitate interprofessional collaboration in practice change initiatives. 
Essential VII:  Clinical prevention and population health for improving the nation’s health.  The seventh DNP Essential, clinical prevention and population health for improving the nation’s health, involves analysis of data for development, implementation, and evaluation of clinical prevention and population health (AACN, 2006).  DNP prepared nurses possess the clinical prevention and population health foundation necessary to implement activities to accomplish the US national goal of improving the population health status (AACN, 2006).  AACN (2006) recognized that disease prevention strategies are underutilized by healthcare settings in the US.   DNP prepared nurses can apply the concepts of clinical prevention and population health for interventions to address gaps in care (AACN, 2006).  By creating and implementing a standardize protocol for routine vitamin D screening and supplementation, there is a potential to prevent or reduce complications of vitamin D deficiency in 82 MS patients where there may have been a previous gap in care.  Continued screening and early intervention of vitamin D deficiency reduces the number of undetected and untreated deficiencies and reduces the potential for adverse health outcomes of MS patients.   Quality of life and population outcomes can be improved with prevention interventions such as this project.  
Essential VIII:  Advanced nursing practice.  The eighth and final DNP Essential, advanced nursing practice, involves the foundational practice competencies in advanced assessment skills, therapeutic partnerships with patients and professionals, advanced clinical judgment, and systems thinking for evidence-based care (AACN, 2006).  The knowledge gained from DNP programs supports DNP prepared nurses to design, implement, and evaluate interventions based on science (AACN, 2006).  DNP prepared nurses apply their distinct experience to inform practice and address clinical problems in a variety of healthcare settings.
This quality improvement project is an example of promotion of health through routine screening for evidence-based care delivery and improved patient outcomes.  Specifically, this project standardized care, through routine screening and supplementation, which improves patient outcomes and reduces healthcare costs.   Additionally, patient satisfaction and trust are promoted with prevention of adverse health outcomes, such as through screening in this project. The impact of interprofessional collaboration in enhancing patient care was exemplified in this project, as it was essential to partner with the team to establish the standardized protocol. 
Summary
The AACN Essentials of Doctoral Education for Advanced Nursing Practice are fundamental for guiding high quality patient care (AACN, 2006).  The DNP essentials guide the process of quality improvement in healthcare through application of evidence-based research, interprofessional collaboration, implementation of practice change, and formulation of future recommendations for further improvement.  The AACN DNP essentials were utilized to develop and implement the evidence-based practice change to improve MS patient’s health in this project.  




Chapter Eight:  Final Conclusions
The quality improvement project at this site was significant in decreasing the occurrence of undetected and untreated vitamin D deficiencies in MS patients. The project accomplished this by improving the rate of vitamin D screening.  This chapter will describe the significance of the findings, project strengths and limitations, project benefits, and recommendations for practice.  
Significance of Findings
	An increase in vitamin D screening from pre-implementation was evident throughout the project.  The education, chart alerts, and feedback have enabled the providers at the project site to better detect vitamin D deficiencies and the protocol has provided a standardized approach to patient care. Standardized approach to care results in earlier identification of issues and enables less invasive management.  Implementation of this protocol resulted in standardized care, for screening & supplementation of vitamin D in MS, which improves patient outcomes and reduces costs.  Providers are able to better detect vitamin D deficiencies as well as determine how to proceed with supplementation.  Earlier identification and treatment of vitamin D deficiency reduces potential adverse outcomes such as disease activity and accompanying treatment.  Depending on the severity, the cost of a single relapse can range from $568 to $10,010.  Throughout the implementation period there were a total of 82 vitamin D deficiencies identified, which if untreated and followed a relapse would result in treatment costs of $46, 576 to $820,820.  
	Additionally, a standardized protocol-based care contributes to streamlining care delivery for patients.  The elements of the project, such as integration of the vitamin D indicator in the EHR aided in reducing provider workload required for patient record review.  The providers reported that the EHR application was beneficial toward an efficient workflow for promotion of the screening protocol.  As a result of the protocol implementation, there was a sustained improvement in vitamin D screening from the pre-implementation period.  Given the success of increasing screening rates for vitamin D in MS patients, this project could be replicated in other departments and MS specialty clinics.  
Project Strength and Limitations
The organizations strong commitment to excellent patient care, engagement of the providers, interdisciplinary collaboration, and available in-house services were instrumental in the success of the project.  Another advantage of the project was the high level of organizational efficiency with valuable resources and interdisciplinary team members with various attributes.  The patient population served by the site, including patients with various insurances and self-pay, was a strength of the project.  Lastly, use of the EHR to easily identify patients with the diagnosis of MS and the ability to track the date and value of the patients last completed vitamin D lab work was a valuable strength.
The project limitations included restricted time, specifically the short duration of the initiative, downtime of the EHR system, and the limited time the providers were in clinic.  The duration of the project did not allow for a 4 month follow up on the patients identified as vitamin D deficient.  Given the three-month implementation period, it was not feasible to further evaluate the effectiveness of the supplementation regimen.  There was an unforeseen technical issue which resulted in the EHR system being down during week 7 of implementation.  As a result, the vitamin D chart alert indicator was not functioning during weeks 8-10.  This was believed to be attributed to the slight decrease in provider compliance during the last four-weeks of implementation.  Additionally, there was an increase in the amount of time the providers were out of office during the last four weeks of the project.   
Lack of standardized formal guidelines regarding vitamin D screening and supplementation was another limitation of the project.  As there were no formal established guidelines, the protocol was developed based on best practices recommendations & provider consensus to enable standardization in practice.
Another limitation included patient adherence to the vitamin D regimen.  There were instances where the providers appropriately placed orders for vitamin D lab test completion, however the lab work was not completed.  This potentially impacted the outcomes as related to the total vitamin D deficiencies identified. As the reasons for this were unidentifiable, future projects to identify why patients were not adherent to the regimen are recommended.
Project Benefits
The project allowed the practice site to establish a protocol for vitamin D deficiency screening, which promoted the rate of screening and improved provider workflow.  The chart alert indicator enabled the providers to readily access pertinent information such as the date of the last vitamin D test completed by the patient as well as related lab value.  The EHR indicator reduced the time to obtain the necessary information for any further action needed, such as vitamin D testing order placement, and for compliance with the protocol.   
Improved screening contributes to preventative healthcare and may lead to lower cost of healthcare.  Several studies have found that vitamin D levels are lower in MS patients and lower vitamin D levels in MS patients are associated with harmful health outcomes such as disease progression, disability, and a poorer quality of life (Alharbi, 2015; Thouvenot, Orsini, Daures, & Camu, 2015; Ascherio et al., 2014; Darwish et al., 2017).  Higher rates of screening possibly reduce the rate of undetected and untreated deficiencies therefore contributing to higher quality of life, reduced disease progression, and disability. 
The project has a potential for lower healthcare costs.  Evidence shows increased disease activity is associated with lower levels of vitamin D.  If providers are able to identify and prevent adverse outcomes, such as relapse, by early identification and treatment in just one patient, the healthcare savings range from $568 to $10,010.  
Recommendations for Practice 
Utilization of a protocol for vitamin D screening and supplementation in MS patients is a suitable method to improve screening, reduce possible undetected and untreated deficiencies, and reduce costs related to MS disease exacerbation and disability.  Recommendations for future efforts to promote positive change include improvement in vitamin D documentation and accessibility of outside records.   Throughout the implementation of the project, there were instances where patients had completed lab work at other facilities, however these records were not on file or available.  It is imperative that processes be established to ensure patient information are documented and readily available to avoid unnecessary procedures and duplicative care.  This can lead to patient dissatisfaction in their care as well as additional costs.  
This project serves as the first stage in a potential continual initiative at the project site.  Further follow up is crucial to evaluate the outcomes of the supplementation at 4 months’ time.  In addition, further projects are needed to evaluate influencing factors for patient adherence to the vitamin D regimen.  Finally, further development and standardization of a formal policy for vitamin D guideline protocol for MS patients is essential. 
Summary
This quality improvement project was created to illustrate an effective strategy for increased vitamin D screening and supplementation in MS patients.  The outcomes data illustrated the interventions in this project likely contributed to increased screening compliance.  There are an estimated 2.5 million people with Multiple Sclerosis (MS) worldwide, whom could benefit from early identification and treatment of vitamin D deficiency.  The quality of life for MS patients could be improved and their cost of healthcare reduced with a standardized approach in managing Vitamin D regimens.  The design and implementation of the project demonstrated the complexities involved with evidence-based practice change.    Quality improvement projects such as the one conducted are essential for continued improvement in patient outcomes, costs of healthcare reduction, improved quality of care, and evidence-based practice.   
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	Article (APA Citation)
	Level of Evidence
 (I to VII)
	Data/Evidence
Findings
	Conclusion
	Use of Evidence in EBP Project Plan
(Include your evaluation, strengths/limitations, and relevance)

	Choi, Y. K., Han, J. H., Li, R., Kung, K., & Lam, A. (2015). Implementation of secondary stroke prevention protocol for ischaemic stroke patients in primary care. Hong Kong Medical Journal = Xianggang Yi Xue Za Zhi, 21(2), 136-142. doi:10.12809/hkmj144236 

	Level IV
	Total of 328 patients recruited into the intervention group and 249 into the control group; data analyzed from 256 and 210 patients from the groups.
There were significant reductions in mean systolic bp (135.2+/- 17.5 mm to 127.7 +/- 12.2), glycated hemoglobin level (7.2 +/- 1% to 6.5 +/- 0.8%), and LDL level (3.4 +/- 0.8 to 2.8 +/- 1.3) in the intervention group (all P< 0.01).  Significant increase in statin use in both clinics (P< 0.01).
	Through implementation of a clinic protocol, the standard of care of secondary stroke prevention for ischemic stroke patients could be improved in a general outpatient clinic.
	Protocols can improve standard of care for patients.

Heavy workload and shortage of consultation time can be barriers to introduction of an evidenced based protocol in an outpatient clinic.


	Prior, M., Guerin, M., & Grimmer-Somers, K. (2008). The effectiveness of clinical guideline implementation strategies—a synthesis of systematic review findings. Journal of Evaluation in Clinical Practice, 14(5), 888-897. Doi:10.1111/j.1365-2753.2008.01014.x

	Level IV
	Independent critical appraisal using AMSTAR, primary author undertaking all data extraction using a purpose-built form.  
144 potential papers identified with 33 systematic reviews included.  These reflected 714 primary studies involving 22 512 clinicians, in a range of health care settings.  Implementation strategies were varied, rarely comparable, with variable outcomes.  Effective implementation strategies included multifaceted interventions, interactive education and clinical reminder systems.  Didactic education and passive dissemination strategies were ineffective. Cost effectiveness studies were rare.
	Successful guideline implementation strategies should be multifaceted, and actively engage clinicians throughout the process. 
	Use multifaceted strategies and engage clinicians in process of guideline implementation for success.

Use interactive education and clinical reminder systems for effective implementation.

	Rycroft-Malone, J., Fontenla, M., Bick, D., & Seers, K. (2008). Protocol-based care: Impact on roles and service delivery*. Journal of Evaluation in Clinical Practice, 14(5), 867-873. doi:10.1111/j.1365-2753.2008.01015.x

	Level IV


	141 participants took part including 73 nurses, midwives and health visitors, 4 allied health professionals, 20 doctors, 5 support staff and 39 patients.  Five sites were sampled and included acute and primary care service provision.  

Findings:  As a mechanism for standardization, the use of protocol-based care approaches such as guidelines, care pathways, protocols and algorithms were patchy and dependent on contextual, professional and individual factors. Protocol-based care approaches were commonly used as checklists and for reference; nurses and doctors expressed concern that such use could lead to a 'tick box mentality' and restricted judgement. By using standardized care approaches nurses were taking on new tasks and developing skills beyond the traditional scope of practice including prescribing, diagnosing, ordering tests and sometimes deciding on treatments. The ability to perform these roles meant that they were able to run clinics or services independently. The extension of roles to incorporate prescribing, for example, meant that nurses were able to provide a more streamlined service for patients because they did not have to refer to doctors. In turn, it was reported that this reduced doctors' workload. Protocol-based care was viewed as a 'nurses' thing'; however, some General Practitioners and junior doctors were using available standardized care approaches.
 
	The potential of standardization was mediated by the patchy use of protocol-based care approaches and negative perceptions about standardization.  Use of protocol- based care has the potential to impact on nurses’ roles, increasing their autonomy and subsequently impacting on service delivery.  
	Possible benefits to protocol-based care implementation include a more streamlined service delivery for patients, increased autonomy for nurses, and reduced provider workload.

	Dulipsingh, L., Gaudian, B., Spurrier, W., Taylor, L., Wakefield, D., Rychlewicz, S., & Giwa, K. (2016). Educational intervention along with standardization of diabetes care increased inpatient HbA(1c) testing: A pilot program.Connecticut Medicine, 80(4), 231-237.

	  Level III or VI
	A total of 144 patients with a primary or secondary diagnosis of diabetes were admitted to these two units between June 1 and July 31, 2014. The study group was found to have an increase in the percentage of HbA(1c) tests (P < .01) being done when compared with 1173 patients in the rest of hospital. As a result of staff education, there was a decrease in hypoglycemia events (P = .05), and hyperglycemia events (P < .01) in the study group immediately following education; however during the follow-up period, the rate of hypoglycemic events was unchanged in both groups.

	Standardization of inpatient diabetes management with staff and patient education increased the testing of HbA(1c) in hospitalized patients and has potential to improve quality of care and patient safety.

	Educate staff on current clinical practice guidelines for increased testing and decreased adverse events after implementation.

	Paiva, E. F., & Rocha, A. T. (2009). How to implement a guideline from theory to practice: The example of the venous thromboembolism prophylaxis. [Como implementar uma diretriz da teoria a pratica: exemplo da profilaxia para tromboembolismo venoso] Acta Medica Portuguesa, 22(1), 21-32.

	Level I



	The literature shows that it usually takes several years until new scientific evidence is adopted in current practice, even when there is obvious impact in patients' morbidity and mortality. There are some examples where more than thirty years have elapsed since the first case reports about the use of an effective therapy were published until its utilization became routine. That is the case of fibrinolysis for the treatment of acute myocardial infarction. Some of the main barriers for the implementation of new recommendations are: the lack of knowledge of a new guideline, personal resistance to changes, uncertainty about the efficacy of the proposed recommendation, fear of potential side-effects, difficulties in remembering the recommendations, inexistence of institutional policies reinforcing the recommendation and even economical restrains. In order to overcome these barriers a strategy that involves a program with multiple tools is always the best. That must include the implementation of easy-to-use algorithms, continuous medical education materials and lectures, electronic or paper alerts, tools to facilitate evaluation and prescription, and periodic audits to show results to the practitioners involved in the process. It is also fundamental that the medical societies involved with the specific medical issue support the program for its scientific and ethical soundness. The creation of multidisciplinary committees in each institution and the inclusion of opinion leaders that have pro-active and lasting attitudes are the key-points for the program's success. In this manuscript we use as an example the implementation of a guideline for venous thromboembolism prophylaxis, but the concepts described here can be easily applied to any other guideline. Therefore, these concepts could be very useful for institutions and services that aim at quality improvement of patient care. Changes in current medical practice recommended by guidelines may take some time. However, if there is a broader participation of opinion leaders and the use of several tools listed here, they surely have a greater probability of reaching the main objectives: improvement in provided medical care and patient safety.

	 In order to overcome these barriers a strategy that involves a program with multiple tools is always the best. That must include the implementation of easy-to-use algorithms, continuous medical education materials and lectures, electronic or paper alerts, tools to facilitate evaluation and prescription, and periodic audits to show results to the practitioners involved in the process. It is also fundamental that the medical societies involved with the specific medical issue support the program for its scientific and ethical soundness. The creation of multidisciplinary committees in each institution and the inclusion of opinion leaders that have pro-active and lasting attitudes are the key-points for the program's success. 

Therefore, these concepts could be very useful for institutions and services that aim at quality improvement of patient care. 

Changes in current medical practice recommended by guidelines may take some time. However, if there is a broader participation of opinion leaders and the use of several tools listed here, they surely have a greater probability of reaching the main objectives: improvement in provided medical care and patient safety.

	Use a strategy involving a program with multiple tools to overcome implementation barriers. 

Use easy to use algorithm, continuous medical education, electronic alerts, tools to facilitate evaluation and prescription and complete periodic audits.

Include opinion leaders that have proactive and lasting attitudes for success.

	Vieta, E., Garriga, M., Cardete, L., Bernardo, M., Lombrana, M., Blanch, J., . . . Martinez-Aran, A. (2017). Protocol for the management of psychiatric patients with psychomotor agitation. BMC Psychiatry, 17(1), 328-017-1490-0. doi:10.1186/s12888-017-1490-0 

	Level I
	The protocol presented here provides guidance on the appropriate selection and use of pharmacological agents (inhaled/oral/IM), seclusion, and physical restraint for psychiatric patients suspected of or presenting with PMA. The protocol is applicable within the Spanish healthcare system. Implementation of the protocol and the constituent algorithms described here should ensure the best standard of care of patients at risk of PMA. Episodes of PMA could be identified earlier in their clinical course and patients could be managed in the least invasive and coercive manner, ensuring their own safety and that of others around them.

	Establishing specialized teams in agitation and providing them with continued training on the identification of agitation, patient management and therapeutic alternatives might reduce the burden of PMA for both the patient and the healthcare system.

	Standardized protocols are tools which support providers in prompt diagnosis and allow timely implementation of management strategies.

A standardized protocol, for a unified approach according to the local standards of care, for psychomotor agitation resulted in earlier identification of episodes and a less invasive and coercive management. 

Establish specialized teams and providing them with training on identification and management to reduce burden for the patient and the healthcare system.  

Hold meetings to provide opportunity to address the complexities in assessment and management with experts, to create an agreement for a unified approach according to standards of care and allow for review & ratification for protocol implementation. 

	Carey, M., Buchan, H., & Sanson-Fisher, R. (2009). The cycle of change: Implementing best-evidence clinical practice. International Journal for Quality in Health Care : Journal of the International Society for Quality in Health Care, 21(1), 37-43. doi:10.1093/intqhc/mzn049 

	Level VII
	To improve health outcomes, effective and systematic mechanisms to foster the adoption of evidence-based guideline recommendations into routine practice need to be identified. A cyclical process for achieving this objective involving three key phases is suggested.
Phase 1
Writing actionable best-evidence guidelines that prioritize key recommendations while indicating the levels of adoption needed for population health benefits to be accomplished.
Phase 2
Developing implementation plans for the priority guideline recommendations. These should systematically consider skills training and accreditation; social influences including opinion leaders and patient influences; environmental factors; monitoring and feedback; and incentives for clinical change.
Phase 3
Pilot testing the effectiveness of proposed approaches in producing the desired clinical changes. If implementation requires system changes and evaluation at an organizational level, the use of alternative research designs to the randomized controlled trial could be considered. The purpose evaluation would be to enable refinement of the implementation plans before widespread dissemination.

	Guideline production and dissemination do not necessarily result in the widespread adoption of best-evidence clinical care. Guideline developers should give more attention to the coordinated and systematic approaches required for implementation. We suggest that three overlapping phases are required. Firstly, the guidelines should be presented in a way that identifies priorities and maximizes the likelihood of implementation. Secondly, mechanisms designed to maximize implementation should be identified concurrently with the guideline development. Such implementation plans should involve testable strategies that systematically address knowledge, skills, motivational and environmental factors that influence clinical performance. Thirdly, pilot testing to evaluate the effectiveness of implementation plans should routinely occur. This would allow for improvement in the plans as well as the accumulation of evidence about how to implement best-evidence care successfully.


	Standardization

Carey, Buchan, & Sanson-Fisher, (2009) advised guidelines should be specific when describing the desired behavior by including details such as the specific recommended action, the appropriate person to take the action, which group of patients it should be applied, and under what circumstances.

advised guidelines should be specific when describing the desired behavior by including details such as the specific recommended action, the appropriate person to take the action, which group of patients it should be applied, and under what circumstances.  

Several theories suggest people’s behavior is influenced by their beliefs about the likely outcomes and the perceived value attached to those outcomes

recognized evidence from a review that determined continuing medical education improves knowledge, skills, attitudes, clinical behavior, and patient outcomes.     

	Jones, K. L., Sejersen, T., Amato, A. A., Hilton-Jones, D., Schmidt, J., Wallace, A. C., IBM Guideline Development Group. (2016). A protocol to develop clinical guidelines for inclusion-body myositis. Muscle & Nerve, 53(4), 503-507. doi:10.1002/mus.25036

	Level I

	A protocol has been developed to produce best practice clinical guidelines for IBM based on a combination of published research and expert consensus


Establishing a consensus of opinion on questions relating to diagnosis and management of IBM is expected to help reduce inconsistencies in the care and resources allocated to those living with this condition



	In this study we describe the proposed protocol for developing methods for producing robust and transparent clinical guidance on aspects of diagnosis, drug treatment, physical and practical management, respiration, nutrition and cardiac management, psychosocial management, and multidisciplinary care.

	Standardization

Creation of a transparent and robust guideline protocol can also help to attain recognition from applicable professional organizations (Jones et al., 2016b).  Production of a guideline begins with literature examination, evidence ranking, and formation of recommendations (Jones et al., 2016b).  Jones et al. (2016b) recommends utilization of a PICO appraisal for standardization of data extraction, a systematic approach to clinical recommendation development to decrease reporting bias beyond the existing knowledge base, and a collaborative appraisal of the evidence to optimize the quality and accountability of concurrent expert recommendations.  

Guideline creation is not standardized, and the methods used may not be detailed fully beforehand which can increase the risk of author bias; the impact of guideline authors’ biases can be reduced by having a defined protocol for guideline development, as with clinical trials.

	Ripolles-Melchor, J., Varela, M. L. F., Camargo, S. C., Fernandez, P. J., Barrio, A. C. D., Martinez-Hurtado, E., . . . Calvo-Vecino, J. M. (2018). Enhanced recovery after surgery protocol versus conventional perioperative care in colorectal surgery. A single center cohort study. [Aceleracao da recuperacao apos protocolo cirurgico versus cuidados perioperatorios convencionais em cirurgia colorretal. Um estudo de coorte em centro unico] Revista Brasileira De Anestesiologia, doi:S0034-7094(17)30389-6


	Level IV
	There were 360 patients in the Pre-ERAS group and 319 patients in the Post-ERAS Group. 214 (59.8%) patients developed at least one complication in the pre ERAS group, versus 163 patients in the Post-ERAS group (51.10%). More patients in the Pre-ERAS group developed moderate or severe complications (31.9% vs. 22.26%, p=0.009); and severe complications (15.5% vs. 5.3%; p<0.0001). The median length of stay was 13 (17) days in Pre-ERAS Group and 11 (10) days in the Post-ERAS Group (p=0.034). No differences were found on mortality rates (4.7% vs. 2.5%; p=0.154), or readmission (6.39% vs. 4.39%; p=0.31). Overall ERAS protocol compliance in the Post-ERAS cohort was 88%.

	The implementation of ERAS protocol for colorectal surgery was associated with a significantly reduction of postoperative complications and length of stay.



	Implementation of a standardized protocol for their postoperative patients was associated with improved patient outcomes such as significantly reduced complications and length of stay as well as a great protocol compliance of 88%.

	Alharbi, F. M. (2015). Update in vitamin D and multiple sclerosis. Neurosciences (Riyadh, Saudi Arabia), 20(4), 329-335. 10.17712/nsj.2015.4.20150357

	Level I
	Several studies have demonstrated vitamin D levels are lower in MS patients compared to control patients.  

Vitamin D deficiency has been identified as a predictor of developing clinically definite MS for patients with clinically isolated syndrome while higher vitamin D levels have been correlated with lower relapse rate in MS patients

Due to factors such as immobility, avoidance of the sun, IV steroids, and use of anti-epileptic medications, the risk for osteoporosis and prevalence for vitamin D deficiency is increased in MS patients; given this vitamin D levels should be determined and deficiency must be treated.

Another case-control study32 prospectively collected blood samples from 192 MS patients and showed that serum 25-hydroxyvitamin D (25(OH)D) levels ≥ 75 (versus < 75) nmol/L in the blood were associated with a 61% decrease in the risk of MS.

Observational studies correlating vitamin D levels to MS severity cannot prove that increased sun exposure alleviates the symptoms of MS, especially given that severely disabled patients with MS receive less sun exposure, which can cause vitamin D deficiency. Even MS patients who are fully mobile are theoretically more susceptible to vitamin D deficiency because they avoid sun exposure, worsening their symptoms.

A high dose of vitamin D is safe in the short term. 

The Institute of Medicine defines vitamin D sufficiency as a level ≥ 50nmol/L. 
Level maintenance between 75 to 125 nmol/L in MS patients has been recommended by some, which is still within a safe range.

Even in those who are healthy, toxicity is unlikely when taking 4000 IU of vitamin D daily.
	It is clear from observational studies that vitamin D deficiency is a modifiable risk factor for MS. Therefore, persons who are at risk for MS (for example, first-degree relatives of MS patients, or patients with a single episode demyelinating attack) should be screened for vitamin D deficiency. As stated previously, evidence for the effect of vitamin D on disease progression is lacking, but it is known that MS patients have an increased prevalence for vitamin D deficiency (due to for example, immobility, sun avoidance, corticosteroids, and anti-epileptic use). These patients are also susceptible to osteoporosis.70Therefore, vitamin D levels should be determined, and deficiency should be treated. The optimal serum vitamin D levels for exerting immunomodulatory effects have not been clinically established. Based on bone health criteria, the US and Canadian Institute of Medicine (IOM) recently stated that individuals are vitamin D sufficient at 25OHD levels ≥ 50 nmol/L; levels above 75 nmol/L have not consistently been associated with an increased benefit. Although risks have been identified for some outcomes at levels above 125 nmol/L, it has been suggested that up to 4000 IU/day of vitamin D intake is unlikely to cause toxicity, even in healthy individuals.71 Some experts favor maintaining 25(OH)D levels between 75 to 125 nmol/L in MS patients, as these levels are still within the safe range of the IOM report, and immunomodulatory effects have been observed in hyper-physiologic ranges in experimental studies. However, the long-term effects of such high levels are unknown.

	The Institute of Medicine defines vitamin D sufficiency as a level ≥ 50nmol/L. 
Level maintenance between 75 to 125 nmol/L in MS patients has been recommended by some, which is still within a safe range.

Toxicity is unlikely with 4000 IU qd supplementation.


	Ascherio, A., Munger, K., White, R., Kochert, K., Simon, K., Polman, C., . . . Pohl, C. (2014). Vitamin D as an early predictor of multiple sclerosis activity and progression. JAMA Neurology, 71(3), 306-314. 10.1001/jamaneurol.2013.5993 

	Level II
	Ascherio et al. (2014) examined data from 465 early- stage MS patients from 18 European countries, Israel, and Canada for 5 years.  Serum concentrations of 25-hydroxyvitamin D (25[OH]D were tested at baseline, 6 months, 12 months, and 24 months later. They discovered that higher serum 25(OH)D levels in the first 12 months predicted reduced MS activity and a slower rate of MS progression and at 5 years patients with a concentration of at least 50 nmol/L had significantly less new active lesions, slower increase in brain lesion volume, reduced loss of brain volume, and lower disability compared to those with concentrations less than 50 nmol/L.
	Among patients with MS mainly treated with interferon beta-1b, low 25(OH)D levels early in the disease course are a strong risk factor for long-term MS activity and progression.
	Vitamin D insufficiency and deficiency is common in MS patients and vitamin D concentrations are lower during times of relapse than during remissions

Among people with early-stage multiple sclerosis (MS), those with higher blood levels of vitamin D had better outcomes during 5 years of follow-up. Identifying and correcting vitamin D insufficiency could aid in the early treatment of MS

Recommended target level > 50 ng/ml

	Sahota, O. (2014). Understanding vitamin D deficiency. Age and Ageing, 43(5), 589-591. 10.1093/ageing/afu104

	Level VII
	Sahota, (2014) acknowledged vitamin D deficiencies adverse effect on muscle function producing slower walking speed, longer sit-to-stand time, reduced quadricep strength, poor Short Physical Performance Battery (SPPB) scores, and increased falls.  He described 20 – 30% fall rate reduction and body sway improvement with vitamin D dosing from 800 to 1000 IU daily demonstrated by interventional studies.  Sahota, (2014) outlined the observational findings of lower limb power increase exhibited in those with replete vitamin D levels of > 67.5 nmol/l versus absence of improvement in those with levels of <47.5 nmol/l.  
	Vitamin D deficiency is associated with muscle weakness predominately of the proximal muscle groups through both genomic and non-genomic pathways.
	Vitamin D affects muscle function and results in increased falls, however this can be reversed with vitamin D repletion.  

	Mazumder, R., Murchison, C., Bourdette, D., & Cameron, M. (2014). Falls in people with multiple sclerosis compared with falls in healthy controls. PloS One, 9(9), e107620. 10.1371/journal.pone.0107620

	Level IV
	Mazunder et al., (2014) conducted prospective cohort study including 58 people with MS and 58 healthy controls whom were community- dwelling.  Falls were recorded by participants prospectively using fall calendars and additional context such as fall location, fall related injuries, and cause of falls were also documented.  Mazumder et al., (2014) utilized Kaplan Meier survival analysis and log-rank tests for distribution comparison of survival without falling between the two groups. They found that 40.8% of healthy controls and 71.2% of persons with MS fell at least once, 18.4% of controls and 48.1% of persons with MS fell at least twice, and 20.4% of controls and 42.3% of persons with MS sustained a fall-related injury.   Mazumder et al., (2014) discovered a significant difference between time to first fall (HR: 1.87, p = 0.033) and time to recurrent falls (HR: 2.87, p = 0.0082) between the control and persons with MS groups after adjusting the data for age and gender.
	Fall risk, circumstances, consequences, and causes are different for persons with MS than for healthy people of the same age and gender.  Persons with MS fall more, are more likely to be injured by a fall, and often fall indoors.  Persons with MS, but not healthy controls, frequently fall because they are distracted, fatigued, or hot.  
	People with MS have a high occurrence of falls which may be associated with injury or death and can negatively impact their quality of life.  

	Shaheen, H. A., Sayed, S. S., Daker, L. I., AbdelAziz, H. E., & Taha, M. A. (2018). Does vitamin D deficiency predict early conversion of clinically isolated syndrome? A preliminary egyptian study. The International Journal of Neuroscience, , 1-6. 10.1080/00207454.2018.1446954

	Level IV
	Shaheen et al., (2018) completed a longitudinal prospective case control study with 43 Egyptian patients diagnosed as Clinically Isolated Syndrome according to the 2010 McDonald criteria to study the contribution of vitamin D deficiency to conversion of CIS to clinically definite multiple sclerosis and the correlation of vitamin D level to cognitive and MRI results. The participant’s clinical presentation, brain MRI, and 25-hydrocyvitamin D levels were evaluated at baseline and at one year follow up.  They determined patients who converted from CIS to MS had a significantly lower vitamin D level in comparison to the non-converters.  Multivariate logistic regression analysis demonstrated that CIS patients with lower vitamin D levels were at higher risk for early conversion to MS.  Their findings determined a significant positive correlation (r = 0.36, p = 0.02) between vitamin D level and PASAT (Paced Auditory Serial Addition Test) and a significant negative correlation between vitamin D level and MRI T2 load significantly positively correlated and vitamin D level and MRI T2 load were significantly negatively correlated (r = -0.38, p = 0.01).
	The low level of 25-hydroxyvitamin D may predict early conversion to clinically definite MS.  Early vitamin D supplementation is recommended in patients with CIS.   
	Early vitamin D supplementation in patients with clinically isolated syndrome as low vitamin D could potentially be predictive of disease conversion to definitive MS.   

	Darwish, H., Haddad, R., Osman, S., Ghassan, S., Yamout, B., Tamim, H., & Khoury, S. (2017). Effect of vitamin D replacement on cognition in multiple sclerosis patients. Scientific Reports, 7, 45926. 10.1038/srep45926

	Level IV
	Darwish et al., (2017) sought to evaluate cognitive performance in MS patients with deficient 25 (OH) D, defined as <25 ng/ml, compared to patients with sufficient levels, defined as >35 ng/ml) and to evaluate the change in cognitive performance after completing 3 months of oral vitamin D3 replacement.  The study consisted of eighty-eight MS patients with relapsing remitting and clinically isolated type of MS, older than 18 years old being treated with interferon beta as disease modifying therapy. Testing was completed at baseline and at 3 months; the Montreal Cognitive Assessment (MoCA), Stroop, Symbol Digit Modalities (SDMT) and Brief Visuospatial Memory Test (BVMT-R) were utilized for the cognitive testing and serum 25 (OH) D was measured for vitamin d level status.  Of the eighty- eight participants 47 (53.4%) were 25 (OH) D sufficient and 41 (46.6%) were 25 (OH) D deficient at baseline, with mean 25 (OH)D serum levels of 15.8 ± 6.5 ng/ml in the deficient group and 59.6 ± 24.5 ng/ml in the sufficient group (P < 0.0001).  The 25 (OH) D levels increased to 49.0 ± 14.6 ng/ml (p < 0.001 compared to baseline) and cognitive performance improved significantly on the BVMT delayed recall (p = 0.02) and the MoCA (p = 0.006) in the deficient group after three months of high dose vitamin D supplementation. After adjusting for all measured confounding variables Darwish et al., (2017), discovered sufficient serum 25 (OH)D level predicted better cognitive performance on the BVMT-DR at baseline (β: 1.74, p: <0.008) and 3 months (β: 1.93, p: <0.01).
	Vitamin D3 replacement could improve cognitive performance in MS patients and make a significant difference in the patient’s quality of life.

	Low levels of Vitamin D have been linked with high levels of disability as well as cognitive impairment in MS

High dose supplementation was given for three months to the Vitamin D deficient group (10,000 IU daily for 3 months).


	Sotirchos, E. S., Bhargava, P., Eckstein, C., Van Haren, K., Baynes, M., Ntranos, A., . . . Calabresi, P. A. (2016). Safety and immunologic effects of high- vs low-dose cholecalciferol in multiple sclerosis. Neurology, 86(4), 382-390. doi:10.1212/WNL.0000000000002316

	Level VI
	Sotirchos et al., (2016) executed a double-blind, single-center randomized pilot study, involving 40 patients with relapsing-remitting MS to examine the safety profile and characterize the immunologic effects of high- vs low-dose cholecalciferol supplementation in patients with multiple sclerosis. The participants were randomized to either receive 10,400 IU or 800 IU of cholecalciferol daily for 6 months.  Lab tests were completed at baseline and 3 and 6 months for evaluation of vitamin D and T cells.  Sotirchos et al., (2016) identified a larger increase in mean 25-hydroxyvitamin D levels from baseline to the 6 month visit in the high dose group (34.9 ng/mL; 95% confidence interval [CI] 25.0-44.7 ng/mL) in versus the low dose group (6.9 ng/mL; 95% CI 1.0-13.7 ng/mL).  Participants taking the high dose of vitamin D reached levels within the proposed target range of 40 to 60 ng/ml, whereas the group taking the low dose did not reach the proposed target.  Observed adverse side effects from the vitamin supplements were minor and did not differ between the groups.  They recognized a reduction in inflammatory T cells including interleukin-17(+) CD4(+) T cells (p=0.016), CD161(+) CD4 (+) T cells (p= 0.03), and effector memory CD4(+) T cells (p = 0.021) and an accompanying increase in the portion of central memory CD4(+) T cells (p = 0.018) and naïve CD4(+) T cells (p = 0.04) in the high dose group; which did not occur in the low dose group.
	Cholecalciferol supplementation with 10,400 IU daily is safe and tolerable in patients with MS and exhibits in vivo pleiotropic immunomodulatory effects in MS, which include reduction of interleukin-17 production by CD4(+) T cells and decreased proportion of effector memory CD4(+) T cells with concomitant increase in central memory CD4(+) T cells and naïve CD4(+) T cells.
	High dose of vitamin D3, such as 10,400 IU daily, is safe for MS patients

Immune dysfunction regulation is a possible benefit of high dose vitamin D3 supplementation in MS patients

Recommended target level of 40 to 60 ng/ml

	Fitzgerald, K. C., Munger, K. L., Kochert, K., Arnason, B. G., Comi, G., Cook, S., . . . Ascherio, A. (2015). Association of vitamin D levels with multiple sclerosis activity and progression in patients receiving interferon beta-1b. JAMA Neurology, 72(12), 1458-1465. 10.1001/jamaneurol.2015.2742

	Level IV
	Fitzgerald et al., (2015) conducted a prospective cohort study in participants in the BEYOND study, a large, phase 3, prospective, multicenter, blinded, randomized clinical trial to assess the association between 25(OH)D and disease course and prognosis in patients with relapsing-remitting MS treated with interferon beta-1b.  The 2-year study included 1482 participants randomized to receive 250 μg or 500 μg of interferon-1b with at least 2 measurements of 25(OH)D obtained 6 months apart.  In addition, the participants had clinic visits every 3 months and completed MRI at baseline and annually thereafter.  Fitzgerald et al., (2015) found a significant inverse correlation between the average 25(OH)D levels and the cumulative number of new active lesions between baseline and the last MRI with a 50.0-nmol/L increase in serum 25(OH)D levels associated with a 31% lower rate of new lesions (RR, 0.69; 95% CI, 0.55-0.86; P = .001).  They observed patients with a 25(OH)D level greater than 100 nmol/L had the lowest rate of new lesions (RR, 0.53; 95% CI, 0.37-0.78; P = .002).
	Among patients with MS treated with interferon beta-1b higher 25(OH)D levels were associated with lower rates of MS activity observed on MRI.  Results for brain atrophy and clinical progression were more equivocal. 

Their findings concluded adequate vitamin D status is an imperative determinant of MS activity both early in the disease course and thereafter.

Target level >75 ng/ml, and >100 ng/ml is recommended.
	New lesions on MRI were associated with low vitamin D levels.  

Lowest rate of new lesions was associated with level greater than 100nmol/L (40ng/mL).

Target level >75 (30 ng/mL) and >100 nmol/mL (40ng/mL) recommended.

	Cleveland Clinic. (n.d.).  Mellen Center Approaches: Multiple Sclerosis and Vitamin D [Fact sheet].  Retrieved from https://my.clevelandclinic.org/-/scassets/files/org/neurological/multiple-sclerosis/13-neu-545-vitamin-d-fact-sheet.ashx?la=en
 
	Level VII
	According to Cleveland Clinic, (n.d.), determining vitamin D status through vitamin D testing is important for evaluation of levels for sufficiency, determining the effects of supplementation, and to aid in guidance of recommended supplementation dosing.  A serum 25- OH D (Vitamin D 25 hyroxy) level is the current laboratory test recommended for determining vitamin D status given its longer half-life and inability to be affected by parathyroid levels (Cleveland Clinic., n.d.).  As response to oral vitamin D supplementation can vary routine re-evaluation of serum 25- OH D levels is necessary (Cleveland Clinic., n.d.).   
	Vitamin D testing is important to determine vitamin D status.
Routine re-evaluation of levels is necessary as response to oral vitamin D supplementation can vary.  The current recommendation is to order a serum 25- OH D (Vit D 25 hydroyx) level, due to its longer half life and being unaffected by parathyroid levels.
	Use vitamin D testing (specifically serum 25 – OH D / Vitamin D 25 hydroxy level) to determine vitamin D status sufficiency, the effects of supplementation, and to aid in recommended supplementation dosing.

	Jones, E., Pike, J., Marshall, T., & Ye, X. (2016). Quantifying the relationship between increased disability and health care resource utilization, quality of life, work productivity, health care costs in patients with multiple sclerosis in the US. BMC Health Services Research, 16, 294-016-1532-1. doi:10.1186/s12913-016-1532-1

	Level VI
	Jones, E et al (2016) discovered patients with higher disability scores (EDSS 3-5 and >5 vs <3 points) and current relapse (vs no current relapse) reported significantly greater health resource utilization for physician visits (p < 0.05) and hospitalizations (p < 0.05) in the previous 12 months.  Additionally, they had poorer HRQoL (p < 0.05), were significantly more likely to be unemployed (p < 0.05), and to have had to stop working due to MS (p < 0.05) (Jones, E et al, 2016).  Furthermore, they incurred considerably higher health care related costs, including costs for physician consultations, hospitalizations and therapy (p < 0.05) with resulting total costs of care of  $51,825, $57,889 and $67,116 for EDSS < 3, EDSS 3-5 and EDSS > 5 groups and $51,692 and $58,648 for non-relapse and relapse groups
	Patients with higher disability scores and current relapse had significantly greater health resource utilization for physician and hospitalizations,  poorer HRQoL, were significantly more likely to be unemployed, to have had to stop working due to MS and incurred considerably higher health care related costs, including costs for physician consultations, hospitalizations and therapy.
	Slowing down progression and delaying disability through methods such as ensuring adequate vitamin D levels is necessary for optimal patient quality, health and costs.  

	Pandit, L., Ramagopalan, S. V., Malli, C., D'Cunha, A., Kunder, R., & Shetty, R. (2013). Association of vitamin D and multiple sclerosis in india. Multiple Sclerosis (Houndmills, Basingstoke, England), 19(12), 1592-1596. doi:10.1177/1352458513482375

	Level IV 
	110 MS patients and 108 matched controls were included. Serum 25-hydroxyvitamin D (25(OH)D) was measured in 63 patients in relapse, 77 patients in remission and all controls. Quantity of sun exposure in childhood and body mass index (BMI) were calculated. Patients and controls were genotyped for HLA-DRB1*1501.



	Patients had significantly lower 25(OH)D levels than matched controls (p = 0.003), and patients in relapse had a significantly lower vitamin D level as compared to those in remission (p = 0.001). Vitamin D deficiency (< 50 nmol/l) was seen in a higher proportion of cases (71.8%) than controls (53.7%) (p = 0.01). Higher quartiles of vitamin D (> 58 nmol/l) showed an inverse relationship with MS (OR = 0.28, CI = 0.11-0.68, p= 0.005). This effect persisted after adjusting for sun exposure.

	Serum 25(OH)D shows an inverse relationship with MS in the Indian population. 


	Herrmann, M., Farrell, C. L., Pusceddu, I., Fabregat-Cabello, N., & Cavalier, E. (2017). Assessment of vitamin D status - a changing landscape. Clinical Chemistry and Laboratory Medicine, 55(1), 3-26. doi:10.1515/cclm-2016-0264 

	Level IV
	Purpose was to determine whether vitamin D status is associated with developing new T2 lesions or contrast-enhancing lesions on brain magnetic resonance imaging (MRI) in relapsing multiple sclerosis (MS).

5-year longitudinal MS cohort study at the University of California at San Francisco. Participants had clinical evaluations, brain MRI, and blood draws annually. From the overall cohort, we evaluated patients with clinically isolated syndrome or relapsing-remitting MS at baseline. In univariate and multivariate (adjusted for age, sex, ethnicity, smoking, and MS treatments) repeated measures analyses, annual 25-hydroxyvitamin D levels were evaluated for their association with subsequent new T2-weighted and gadolinium-enhancing T1-weighted lesions on brain MRI, clinical relapses, and disability (Expanded Disability Status Scale [EDSS]).



	A total of 2,362 3T brain MRI scans were acquired from 469 subjects. In multivariate analyses, each 10ng/ml higher 25-hydroxyvitamin D level was associated with a 15% lower risk of a new T2 lesion (incidence rate ratio [IRR], 0.85; 95% confidence interval [CI], 0.76-0.95; p = 0.004) and a 32% lower risk of a gadolinium-enhancing lesion (IRR, 0.68; 95% CI, 0.53-0.87; p = 0.002). Each 10ng/ml higher vitamin D level was associated with lower subsequent disability (-0.047; 95% CI, -0.091 to -0.003; p = 0.037). Higher vitamin D levels were associated with lower, but not statistically significant, relapse risk. Except for the EDSS model, all associations were stronger when the within-person change in vitamin D level was the predictor.

	Vitamin D levels are inversely associated with MS activity on brain MRI. These results provide further support for a randomized trial of vitamin D supplementation.


	Faridar, A., Eskandari, G., Sahraian, M. A., Minagar, A., & Azimi, A. (2012). Vitamin D and multiple sclerosis: A critical review and recommendations on treatment. Acta Neurologica Belgica, 112(4), 327-333. doi:10.1007/s13760-012-0108-z 

	Level 
VII
	Based on experimental and clinical reports, supplementary vitamin D might be an appropriate candidate as add-on therapy to ameliorate the inflammation and attenuate neuronal damage in MS. 

Pierrot-Deseilligny et al. recommended that admin- istration of 2,000 or 3,000 IU/day of vitamin D in MS patients not only impacts the immune system effectively but also leaves a considerable safety margin.

Primarily, serum vitamin D level should be assessed in MS patients. If vitamin D deficiency is present, based on the existing guideline, the patient should be treated with 50,000 IU of vitamin D3 once a week for 8 weeks, followed by maintenance therapy of 2,000–3,000 IU/d. Nevertheless, if serum levels of 25(OH)D are above 30 ng/ml (75 nmol/ liter), only vitamin D maintenance therapy (2,000–3,000 IU/d) should be initiated. 

	While awaiting the results of future studies, they suggest the cautious administration of supplementary vitamin D to MS patients to improve the clinical features. 

	Based on the existing guideline, the patient should be treated with 50,000 IU of vitamin D3 once a week for 8 weeks, followed by maintenance therapy of 2,000–3,000 IU/d.

	Evans, E., Piccio, L., & Cross, A. H. (2018). Use of vitamins and dietary supplements by patients with multiple sclerosis: A review. JAMA Neurology, doi:10.1001/jamaneurol.2018.0611

	Level I
	Surveys of patients with multiple sclerosis report that most are interested in modifying their diet and using supplements to potentially reduce the severity and symptoms of the disease. 
This review provides an updated overview of the current state of evidence for the role that vitamins and dietary supplements play in multiple sclerosis

Vitamin deficiencies should be avoided. 

At the present time, the only vitamin with sufficient evidence to support routine supplementation for patients with multiple sclerosis is vitamin D. 

	Vitamin D is currently the only vitamin with sufficient evidence to support routine supplementation for patients with multiple sclerosis 
	Recommend routine supplementation of Vitamin D for MS patients. 

	Holmoy, T., Torkildsen, O., Myhr, K. M., & Loken-Amsrud, K. I. (2012). Vitamin D supplementation and monitoring in multiple sclerosis: Who, when and wherefore. Acta Neurologica Scandinavica.Supplementum, (195):63-9. doi(195), 63-69. doi:10.1111/ane.12028

	Level V 
	Possible benefits of vitamin D supplementation 
were assessed from observational, experimental and clinical studies. Based on repeated measurements of 25 hydroxyvitamin D in 
Norwegian patients with MS we estimate the effect of different supplementation regimes.

Serum levels of 25-hydroxyvitamin in the upper physiological range are associated with lower risk of relapses and magnetic resonance imaging disease activity, but the causality is uncertain. Osteoporosis develops early in patients with MS , and 25-hydroxyvitamin vitamin should therefore at least be 50 nm throughout the year. Levels between 75 and 125 nmol may offer some additional benefit for bone health, are not toxic and are associated with low disease activity. Adding 400 IU (10 μg) vitamin D daily would only bring 56% of the patients >50 nm and 11% >75 nm throughout the year, whereas 800 IU (20 μg) would maintain 97% >50 nm and 67% >75 nm.

	800 IU of vitamin D is better than 400 IU daily.

25-hydroxyvitamin D should be measured and the nadir level estimated, and supplementation given to a target level between approximately 75 (30ng/mL) and 125 nm (50ng/ml).

	25-hydroxyvitamin D should be measured and the nadir level estimated, and supplementation 
given to a target level 

	Pierrot-Deseilligny, C., & Souberbielle, J. C. (2017). Vitamin D and multiple sclerosis: An update. Multiple Sclerosis and Related Disorders, 14, 35-45. doi:S2211-0348(17)30066-4 

	Level 1
	The main mechanisms of action of vitamin D in MS appear to be immunomodulatory, involving the various categories of T and B lymphocytes in the general immune system, but neuroprotector and neurotrophic mechanisms could also be exerted at the central nervous system level. 
Several controlled immunological studies performed in MS patients have recently confirmed that vitamin D supplementation has multiple beneficial immunomodulatory effects. 
Similar robust statistical models used in five different association studies have already predicted a favorable vitamin D effect reducing relapses by 50-70%. If there is now little doubt that vitamin D exerts a beneficial action on the inflammatory component of MS, the results are as yet much less clear for the progressive degenerative component.
	Until more information becomes available, vitamin D supplementation of MS patients, using a moderate physiological dose essentially correcting their vitamin insufficiency, is recommended.

	Vitamin D supplementation of MS patients correcting vitamin insufficiency, is recommended.


	Bhargava, P., Steele, S. U., Waubant, E., Revirajan, N. R., Marcus, J., Dembele, M., . . . Mowry, E. M. (2016). Multiple sclerosis patients have a diminished serologic response to vitamin D supplementation compared to healthy controls.Multiple Sclerosis (Houndmills, Basingstoke, England), 22(6), 753-760. doi:10.1177/1352458515600248

	Level VI
	Participants in this open-label study were female, white, aged 18-60 years, had 25(OH)D levels ⩽ 75 nmol/l at screening, and had relapsing-remitting MS (RRMS) or were HCs. Participants received 5000 IU/day of vitamin D3 for 90 days. Utilizing generalized estimating equations we examined the relationship between the primary outcome (serum 25(OH)D level) and the primary (MS versus HC status) and secondary predictors.

For this study 27 MS patients and 30 HCs were enrolled. There was no significant difference in baseline 25(OH)D level or demographics except for higher body mass index (BMI) in the MS group (25.3 vs. 23.6 kg/m(2), p=0.035). In total, 24 MS subjects and 29 HCs completed the study.

In a multivariate model accounting for BMI, medication adherence, and oral contraceptive use, MS patients had a 16.7 nmol/l (95%CI: 4.2, 29.2, p=0.008) lower increase in 25(OH)D levels compared with HCs. 
	 Patients with MS had a lower increase in 25(OH)D levels with supplementation, even after accounting for putative confounders.


	Patients with MS have a reduced response to supplementation in comparison with healthy individuals. 

	Thouvenot, E., Orsini, M., Daures, J. P., & Camu, W. (2015). Vitamin D is associated with degree of disability in patients with fully ambulatory relapsing-remitting multiple sclerosis. European Journal of Neurology, 22(3), 564-569. doi:10.1111/ene.12617 

	Level IV
	A retrospective cohort analysis was performed including 181 patients prospectively followed without previous vitamin D supplementation, and age, gender, age at MS onset, MS type, MS activity, Expanded Disability Status Scale (EDSS) were analysed in correlation with plasma vitamin D levels.

Vitamin D levels were significantly higher in relapsing-remitting MS than in progressive forms of MS in multivariate analyses adjusted for age, ethnicity, gender, disease duration and season (P = 0.0487). Overall, there was a negative correlation between vitamin D level and EDSS score (P = 0.0001, r = -0.33). In relapsing-remitting MS, vitamin D levels were only correlated with disability scores for EDSS < 4 (P = 0.0012). Patients with >20 ng/ml of vitamin D were 2.78 times more likely to have an EDSS < 4 (P = 0.0011, 95% confidence interval 1.49-5.00).

	Data support previous work suggesting that vitamin D deficiency is associated with higher risk of disability in MS. Vitamin D levels also correlated with the degree of disability in fully ambulatory patients with relapsing-remitting MS. 

These additional results support the pertinence of randomized controlled trials analyzing the interest of an early vitamin D supplementation in MS patients to influence evolution of disability.

	Early vitamin D supplementation in MS patients to influence evolution of disability.


	Australian Government Department of Health. (2014).  MBS Reviews: Vitamin D Testing Report.  Department of Human Services, Australia.
	Level VII
	In chronic disease, such as MS, screening functions as a way to determine the need for improvement and method to improve disease related outcomes
	The best way to determine the need for improvement and method to improve outcomes is screening.
	Use screening to determine need for vitamin D supplementation and to determine supplementation method needed .

	National MS Society.  (2009). Vitamin D and MS: Implications for Clinical Practice.  Retrieved from: https://www.nationalmssociety.org/NationalMSSociety/media/MSNationalFiles/Brochures/Clinical-Bulletin-Vitamin-D-and-MS_-Implications-for-Clinical-Practice.pdf

	Level VII
	Costs
With the rising costs of health care, there are growing concerns about the costs of diagnostic tests
and therapies. Approximate costs for diagnosing and treating vitamin D deficiency and related
conditions are (Shi et al., 2009):
- Blood test for 25-hydroxyvitamin D: $50–200
- Vitamin D supplements (1,000–2,000 IU daily): $3–6/month
- Osteoporosis medications: $50–100/month (alendronate sodium, ibandronate sodium, raloxifene HCl, risedronate sodium)
-Bone densitometry: $150–250
- Bone fractures (direct healthcare costs, first year) (Hip $15,000–25,000, Vertebral $6,000–15,000, Other $6,000–9,000) 

There are three general strategies that may be used in clinical practice:
· Wait Until More Information Is Available (do not check vitamin D levels or recommend vitamin D supplements)
· Supplement “Blindly” (recommend vitamin D supplements without checking vitamin D levels)
· Supplement if Blood Levels Are Low (check vitamin D levels and recommend vitamin D supplements if blood levels are low)


	Waiting for more info:
Advantages:  Based on most definitive information available. It is possible, though very unlikely, that future research will demonstrate that supplementation with vitamin D or calcium is harmful for people with MS.  Avoids the costs of the blood test ($50–200) and supplements ($3–6/month).
Disadvantages: Concern that a large number of people with MS who are vitamin D-deficient will go undiagnosed and thus will not receive, or obtain the potential benefits of, supplementation. Undiagnosed and untreated vitamin D deficiency could lead to osteoporosis, bone fractures, and other associated morbidity. Costs for diagnosing and treating osteoporosis-related conditions
include bone densitometry ($150–250), osteoporosis medications ($50–100/month), and treatment for bone fractures ($6,000–25,000). In addition to osteoporosis, it is possible that undiagnosed and untreated vitamin D deficiency could cause weakness, worsen the disease course of MS, and increase the risk for developing other vitamin D deficiency-associated conditions.

Supplementing Blindly:
Advantages: May provide benefits
for bone health as well as strength, general health and, possibly, MS vitamin D-deficient. 
Avoids the inconvenience and cost ($50–200) of the blood test.
Disadvantages: Unnecessary supplementation in those who are not deficient—this supplementation has associated inconvenience and cost. 
Can cause a false sense of security for those who have deficiency that is not corrected with the “blind” supplementation, and they will, unknowingly, still be at risk for various vitamin D deficiency-related conditions.

Supplement if Blood Levels Are Low 
Advantages: For those who are not vitamin D-deficient, this approach avoids unnecessary supplementation. For those who are found to be vitamin D-deficient, this strategy may improve bone health and, additionally, could increase muscle strength, slow the disease course of MS, and improve general health. Through prevention, this approach may avoid the costs of bone densitometry ($150–250) and osteoporosis medications ($50–100/month), and the costs ($6,000–25,000) and morbidity of bone fractures. This approach may also avoid the costs and adverse health effects associated with developing other vitamin D deficiency-associated diseases, such as other immune
diseases and cancers.
Disadvantages: This approach relies on vitamin D information that is not absolutely complete—as a result, it is conceivable, although very unlikely, that additional research will identify concerns about the safety or effectiveness of treating vitamin D deficiency in those with MS. Also, this strategy incurs costs for the blood test ($50–200), and, if indicated, vitamin D supplements ($3–6/month). 



	Obtain blood levels of 25-hydroxyvitamin D 

If normal, no vitamin D supplementation is recommended. 

If low recommend vitamin D supplementation. 

Recheck the blood level to confirm it is normal after three to six months.

Supplementation:
Initial treatment with 50,000 IU weekly for two months, maintenance dosing with 2,000–5,000 IU daily or 50,000 IU every two weeks.

Recommend Vitamin D3 supplements, which are about the same price as vitamin
D2 supplements, however are preferable because, relative to vitamin D2, vitamin D3 is
more active biologically, raises blood levels more effectively, and is more stable on the
shelf.




	Waubant, E (2015). Influence of Vitamin D on the Pathophysiology of Multiple Sclerosis. International Journal of MS Care, 17, 2nd ser., 4-8. Retrieved from http://ijmsc.org/doi/pdf/10.7224/1537-2073-17.s2.1?code=cmsc-site
	Level 
VII
	1,25(OH)2D is the active metabolite of vitamin D. Because of its short half life, 25(OH)D is typically what is measured in serum to evaluate vitamin D stores in the body. 
	Studies show that the presence of vitamin D shifts immunity from a pro-inflammatory to an anti-inflammatory state, and may help protect the blood brain barrier.

There is strong evidence that vitamin D may be crucial in MS pathophysiology. Vitamin D is believed to be involved in MS susceptibility, neurologic development at different stages of life, and immune cell behavior in the presence of inflammation in both the periphery and the CNS. 
	Studies show that the presence of vitamin D shifts immunity from a pro-inflammatory to an anti-inflammatory state, and may help protect the blood brain barrier.


	Mowry, E. (2015).  Vitamin D Insufficiency and Supplementation in MS: Findings from Clinical Studies. International Journal of MS Care, 17, 2nd ser., 9-16. Retrieved from http://ijmsc.org/doi/pdf/10.7224/1537-2073-17.s2.1?code=cmsc-site

	Level VII
	A British study of 40 patients with MS sought to determine how effectively vitamin D supplementation raised serum levels of vitamin D.22 The primary outcome of this study was change in 25(OH)D levels among patients taking low-dose, over-the-counter cholecalciferol (≤ 800 IU/day) or very high-dose ergocalciferol (50,000 IU/day for 7–10 days, followed by 50,000/week or biweekly). At baseline, 84% of patients had low levels of serum 25(OH)D (≤100 nmol/L). While the lower-dose supplementation did not serve to increase blood levels significantly, more patients in the higher-dose group did achieve serum vitamin D levels in the target (≥100 nmol/L) range.

Many patients with MS have insufficient blood levels of vitamin D, but what is considered “low” has been controversial. Some sources set a cutoff point of 75 nmol/L (30 ng/mL) while others consider under 100 nmol/L as being too low (per the findings of Munger, et al).4 The level of 100 nmol/L is much higher than what most laboratories would consider a cutoff point. In addition, normal doses of oral supplements may be inadequate to elevate serum vitamin D in patients with low serum vitamin D. 

A phase I/II open-label study by Burton and colleagues evaluated the safety of vitamin D3 doses as high as 40,000 IU/day in 49 patients with MS (25 receiving treatment and 24 non-supplemented controls) for one year. The maximum dose was escalated upward over 28 weeks in order to rapidly raise serum 25(OH)D levels. After that, patients received vitamin D at 10,000 IU/day for 12 weeks and were then titrated off the supplement. The primary outcome measure was serum calcium level. Calcium measures in both the treatment group and controls were found to be normal, and no major adverse events were observed (including disruption of renal or hepatic function) despite a very high peak 25(OH)D of 413 nmol/L. Although the trial was not powered to detect a difference in clinical outcomes between the groups, some potential immunomodulatory effects were observed that may have been attributable to vitamin D, including a lower rate of relapses in the treated group and persistent reductions in T-cell proliferation. The study provided Class II evidence that daily doses of 10,000–14,000 IU/day did not negatively affect serum calcium levels
	More patients in the higher-dose group achieved serum vitamin D levels in the target (≥100 nmol/L) range vs. The low dose group.

The definition of insufficient blood levels is controversial.

Daily doses of 10,000–14,000 IU/day did not negatively affect serum calcium levels
	Normal doses of oral supplements may be inadequate to elevate serum vitamin D in patients with low serum vitamin D. 

Higher-dose supplementation is more effective at achieving target serum level range.

Daily doses of 10,000–14,000 IU/day did not negatively affect serum calcium levels

	Bowling, A. (2015). Integrating Vitamin D Into the Overall Therapeutic Strategy for MS. International Journal of MS Care, 17, 2nd ser., 17-21. Retrieved from http://ijmsc.org/doi/pdf/10.7224/1537-2073-17.s2.1?code=cmsc-site
	Level 
VII
	Among people with MS, an estimated 80% have serum vitamin D levels below 20 ng/mL, regardless of the stage of disease
 
Based on current information, it is reasonable to obtain a serum vitamin D level at baseline. Patients with serum 25(OH)D levels <30 ng/mL may be supplemented and then should be rechecked in 3 to 6 months. Some over-the-counter supple­ments may not offer consistent levels of supplementation (due to quality control issues), so change in 25(OH)D while tak­ing supplementation is a more reliable way to appreciate vitamin D status attained. For those with appropriate vitamin D lev­els, testing may be repeated approximately every two years.

The “tolerable upper intake level”—what is considered a safe intake limit for adults—doubled from 2,000 IU to 4,000 IU/day.  A notable exception is patients with sarcoidosis, who are at high risk for hypercalcemia.

In reality, supplement doses needed to bring up a low vitamin D level may be much higher than the RDA value, but this depends on the baseline and target 25(OH)D levels. To bring most people above 30 ng/ mL, a dosage of between 1,000 and 4,000 IU/day may be needed.

Higher vitamin D levels are associated with a two- to three-fold decreased risk of upper respiratory infections, which may be relevant to MS.

If necessary, vitamin D3 should be supplemented at doses of 600 IU to 4,000 IU (in conjunc­tion with calcium 1,000 to 1,200 mg/day for women) to a target range of 30 to 55 ng/mL. For men, it is unclear whether calcium supplements should be used. High calcium intake has been associated with increased risk of prostate cancer in some, but not all, studies.

	Given the importance of vitamin D in the body as a whole and its potential influence on MS, it is important to consider vitamin D status as part of an overall therapeutic strategy. Regulating vitamin D intake and levels should be one small part of a broad-based, comprehensive healthcare plan for those with MS. 

Many patients are taking high-dose vitamin D supplements empirically, without knowing their serum vitamin D level. The concern with this approach is that it may lead to unnecessary or inadequate supplement use.


	Supplement doses needed to bring up a low vitamin D level may be much higher than the RDA value, but this depends on the baseline and target 25(OH)D levels. 
Serum 25(OH)D should be monitored in patients with MS at baseline and rechecked 3 to 6 months after initiating supplementation or chang­ing the treatment regimen. 



	Bordelon, P., Ghetu, M. V., & Langan, R. C. (2009). Recognition and management of vitamin D deficiency. American Family Physician, 80(8), 841-846.

	Level 
VII
	The best indicator of vitamin D status is 25-hydroxyvitamin D because it is the major circulating form of vitamin D; it reflects cutaneous and dietary contributions; and it is thought to be a precursor for 1,25-dihydroxyvitamin D, the most active vitamin D metabolite.7,25 The metabolite 1,25-dihydroxyvitamin D should not be used to measure vitamin D levels because levels can be increased by secondary hyperparathyroidism.

In persons with vitamin D deficiency, treatment may include oral ergocalciferol (vitamin D2) at 50,000 IU per week for eight weeks. After vitamin D levels normalize, experts recommend maintenance dosage.

Serum 25-hydroxyvitamin D levels should be measured again after completion of therapy, and if values have not reached or exceeded the minimum level, a second eight-week course should be prescribed.

If the serum 25-hydroxyvitamin D levels still have not risen, the most likely cause is nonadherence to therapy or malabsorption.

	25-hydroxyvitamin D should be used for measurement of vitamin D status.

50,000 IU weekly for 8 weeks is the recommended replenishment regimen.

Re-evaluation of level should be completed after the 8-week regimen has been completed, and a second round of 8-week replacement therapy may be warranted.

Nonadherence to therapy or malabsorption are potential culprits for vitamin D deficiency after completing two 8 week high dose (50,000 IU) replacement regimens. 
 

	Use high dose (50,000 IU) 8-week vitamin D treatment for replacement, which may be repeated x1.

Use 25-hydroxyvitamin D for vitamin D status.

After vitamin D levels are replete, maintenance dosages of cholecalciferol should be instituted. 

	Iraj, B., Ebneshahidi, A., & Askari, G. (2012). Vitamin D Deficiency, Prevention and Treatment. International Journal of Preventive Medicine, 3(10), 733–736.

	Level VII
	Prevention and treatment in adults: Majority of middle age adults are at increased risk of vitamin D deficiency due to decrease sun exposure and increase use of sun screens. Therefore, studies show that in order to reach a serum level of 25 (OH) D above 30 ng/ml a minimum of 1000 IU or probably 1500-2000 IU/day is necessary.

A common protocol for the treatment of patients.
Holick protocol: Weekly Pearl 50000 IU of vitamin D3 for a period of 8 weeks given to the patient to replenish the deficient vitamin D. In the maintenance phase 50000 IU vitamin D3 is administered every 2 weeks. It is recommended to measure the serum level of 25 (OH D) after 2-3 months of treatment; and if the level is above 30 ng/ml the maintenance therapy should continue.  
If the serum level of vitamin D during the 10-12 weeks of treatment does not increase to above 30 ng/ml, it is recommended to repeat the replacement protocol. However, if the level of serum vitamin D after 2 periods of treatment was low and the patient compliance to treatment is assured; the physician should suspect intestinal fat malabsorption as a differential diagnosis (for example celiac disease).

	The treatment of vitamin D Insufficiency/deficiency except in rickets and osteomalacia and without hypocalcaemia composed of 2 steps: 1. Replenishing vitamin D store more than 30 ng/ml 2. Maintenance treatment

Holick protocol: Weekly Pearl 50000 IU of vitamin D3 for a period of 8 weeks given to the patient to replenish the deficient vitamin D. In the maintenance phase 50000 IU vitamin D3 is administered every 2 weeks. It is recommended to measure the serum level of 25 (OH D) after 2-3 months of treatment; and if the level is above 30 ng/ml the maintenance therapy should continue.  If the serum level of vitamin D during the 10-12 weeks of treatment does not increase to above 30 ng/ml, it is recommended to repeat the replacement protocol.

	Steps to treatment of vitamin D deficiency:
1. Replenish vitamin D store 
2. Maintenance treatment

Measure the serum level of 25 (OH D) after 2 to 3 months of replenishment treatment.

	Haroon M, Fitzgerald O (2012) Vitamin D Deficiency and its Repletion: A Review of Current Knowledge and Consensus Recommendations. J Arthritis 1:105. doi:10.4172/2167-7921.1000105
	Level I
	Vitamin D is available in two different formulations: vitamin D2, better known as ergocalciferol; and Vitamin D 3, also called cholecalciferol. Most experts believe that vitamin D3 is more efficacious than vitamin D2 in raising serum 25(OH) vitamin D levels. The differential efficacy of vitamin D2 and D3 in the treatment of rickets has been reported since 1930. 
 There is possibly a higher affinity of hepatic 25-hydroxylase for vitaminD3 than for vitamin D2, and 1,24(OH)2 D2 has less affinity for vitamin D receptor than does 1,24(OH)2 D3. This has been confirmed in birds, monkeys and rats. In humans, vitamin D3 supplementation has been shown to raise 25(OH) vitamin D levels more than vitamin D2 supplementation. Using equal molar doses of vitamin D2 and D3, a study has shown a much greater increase of 25(OH) D levels with vitamin D3. 
Similarly another study reported that to obtain the same effect, the dose of vitamin D2 was 2.5 times the dose of vitamin D3. In another study, a single dose of 50,000 IU of vitamin D2 or D3 revealed that serum 25(OH)D returned to baseline levels by day 14 with vitamin D2; however, with vitamin D3, the serum 25(OH)D levels peaked at day 14 and remained above the baseline levels up to day 28. 
In intervention trials, the average increment in serum 25(OH) D has been estimated at 1.2 nmol/l for every mcg (40 IU) of vitamin D3 , and a much smaller increment of only 0.3nmol/L for every microgram of vitamin D2 supplementation. 
Another very recent trial, using vitamin D doses of 50,000 IU/week for 12 weeks, has revealed that D3 was not only about 87% more potent in raising and maintaining serum 25(OH)D concentrations, but also produced 2- to 3-fold greater storage of vitamin D than does equal doses of D2. 
Conversely, it has been shown in some studies that vitamin D2 and vitamin D3 are equally effective in humans to raise circulating 25(OH)D levels. We believe that vitamin D3 is a more potent form of vitamin D compared to vitamin D2, and should preferable be used. However, it is important to emphasize that the increase in serum vitamin D levels is inversely related to the starting level of 25(OH)D.

25-OH vitamin D is the predominant circulating form of vitamin D in the blood and because of its close regulation by the availability of vitamin D, measurement of 25(OH) vitamin D is the most reliable indicator of vitamin D status.
 
Vitamin D supplementation was considered indicated given that most Canadian adults have insufficient exposure to sunlight and dietary intake to maintain this level throughout the year. Recommended intake for low-risk and younger adults was suggested at 400–1000 IU daily and for high-risk and older adults, to 800–2000 IU daily.

The estimated average vitamin D requirement to acquire the serum level of 75 nmol/L is 800 to 1,000 IU per day. This might need to be adjusted depending on the associated risk factors, such as, the starting level of 25(OH)D, obesity, associated osteoporosis, poor sun exposure, malabsorption and residents or immigrants from South Asia and Middle East.


	Vitamin D deficiency remains under recognized and untreated

Using 25(OH) D as an objective measure of response to vitamin D administration has shown that vitamin D3 is a more potent form of vitamin D compared to vitamin D2. Some experts suggest that vitamin D2 should not be used for supplementation or fortification.
  
Vitamin D3 is more efficacious than vitamin D2 in raising serum 25(OH) vitamin D levels. Vitamin D2 has a shorter half-life and an increased rate of clearance from the circulation. There is possibly a higher affinity of hepatic 25-hydroxylase for vitaminD3 than for vitamin D2, and 1,24(OH)2.  D2 has less affinity for vitamin D receptor than does 1,24(OH)2 D3. This has been confirmed in birds, monkeys and rats. 

Serum 25(OH)D increases by about 1 ng/mL (2.5 nmol/L) for every 100 IU of additional vitamin D each day

Measuring serum vitamin D levels, for such at risk populations, is recommended as this not only helps to estimate the repletion dose, but also serves as a baseline for future retesting.

Some experts believe vitamin D sufficiency should be defined as a plasma 25(OH)D concentration of >80 nmol/L (32 ng/ml) and >100 nmol/L (40 ng/ml).

The cut-offs to define vitamin D deficiency should ideally be based on determining an optimal level for health as opposed to the minimum level to prevent severe deficiency
 
There is no evidence of adverse effects with serum 25(OH)D ≤ 70 ng/ml, i.e. 175 nmol/L. However, most trials have excluded subjects with renal insufficiency or hypercalcemia, and included short durations of exposure to vitamin D. Continuous monitoring is essential as the
 
 
 

	Use 25(OH) for measurement of vitamin D status. 

Measure serum vitamin D levels to not only help estimate the repletion dose, but also serve as a baseline for future retesting.

Serum 25(OH)D levels less than or equal to 70ng/mL have not been associated with adverse effects.  

Vitamin D3 is more efficacious than vitamin D2 in raising serum 25(OH) vitamin D levels.

Utilize D3 for supplementation.   

	Vitamin D Council. (2016, July 06). For health professionals: Council position statement on supplementation, blood levels and sun exposure. Retrieved from https://www.vitamindcouncil.org/for-health-professionals-position-statement-on-supplementation-blood-levels-and-sun-exposure/#holick05
	Level VII
	The Vitamin D Council recommends maintaining serum levels of 50 ng/ml (equivalent to 125 nmol/L), with the following reference ranges:
Deficient: 0-40 ng/ml (0-100 nmol/l)
Sufficient: 40-80 ng/ml (100-200 nmol/l)
High Normal: 80-100 ng/ml (200-250 nmol/l)
Undesirable: > 100 ng/ml (> 250 nmol/l)
Toxic: > 150 ng/ml (> 375 nmol/l)

25(OH)D levels can also be defined in units of nmol/L. The conversion between the two is nmol/L=2.5 ng/ml

The Vitamin D Council makes a recommendation of 50 ng/ml and defines the above reference ranges for the following reasons:
· The human genome was selected with abundance of vitamin D. Humans evolved in the sun near the equator, synthesizing robust quantities of vitamin D in the skin. Research has shown that lifeguards, farmers near the equator, and sun dwelling hunter gatherers maintain blood levels between 40-80 ng/ml on sun exposure alone
· The Vitamin D Council believes that the maternal 25(OH)D status necessary to provide antirachitic activity for offspring should be considered a biomarker for optimal vitamin Dstatus in humans. 
· Research shows that antirachitic activity in breast milk occurs at 45 ng/ml or higher, but not at 38.4 ng/ml or lower
· Research has generally shown that parathyroid hormone is maximally suppressed at 40 ng/ml or higher, another finding that the Vitamin D Council considers a biomarker for optimal vitamin D status
· The human body is usually unable to achieve 25(OH)D levels above 100 ng/ml on UVB exposure alone There are no studies to date to suggest that 25(OH)D levels over 100 ng/ml are beneficial, so the Vitamin D Council believes that the upper limit should be set at 100 ng/ml.
Vitamin D toxicity manifests itself as hypercalcuria and hypercalcemia.  Research has shown that serum calcium levels not related to 25(OH)D levels to 257 ng/ml but cases of toxicity have been reported at levels as low as 194 ng/ml.  The Vitamin D Council believes that a conservative threshold of 150
ng/ml should be considered the lower limit of toxicity.  

Vitamin D3 is the type of vitamin the human body produces in response to sun exposure.  Vitamin D supplements are produced by irradiating fungus.  

On days that individuals do not sunbathe, the Vitamin D Council recommends the following daily maintenance doses:  

· Children: 1,000 IU per 25lbs of body weight. This recommendation applies up to 125 lbs.
· Adults: 5,000 IU (including pregnant and breastfeeding mothers) If obese, consider a higher dose. If pregnant or breastfeeding, it is important to check blood levels and to make sure the mother is sufficient (50 ng/ml). If the mother is sufficient, then the weaning infant does not need to supplement.
Upper limit: 10,000 IU.  If dosing at 10,000 IU/day or higher, the Vitamin D Council recommends 25(OH)D testing every 3 months for the first year, every 6 months thereafter.
These recommendations are based on dose response research, where 25(OH)D levels were measured after various daily dosing regimens. These recommendations will typically raise the average and healthy individual to blood levels around 50 ng/ml. The Vitamin D Council makes these recommendations with the intention to meet the recommended blood level standards

Since vitamin D status is determined by blood levels and not dose, it is important to set a maintenance dose that achieves a targeted blood level first and foremost, and not select a maintenance dose intrinsically/arbitrarily. If an adult, for example, can achieve a blood level of 50 ng/ml on 3,500 IU/day, then that adult should take 3,500 IU/day. If an adult requires 8,000 IU/day to achieve a level of 50 ng/ml, however, then that adult should forego the 5,000 IU/day recommendation.

	The Vitamin D Council recommends maintaining serum levels of 50 ng/ml (equivalent to 125 nmol/L), with the following reference ranges:
Deficient: 0-40 ng/ml (0-100 nmol/l)
Sufficient: 40-80 ng/ml (100-200 nmol/l)
High Normal: 80-100 ng/ml (200-250 nmol/l)
Undesirable: > 100 ng/ml (> 250 nmol/l)
Toxic: > 150 ng/ml (> 375 nmol/l)

Since vitamin D status is determined by blood levels and not dose, it is important to set a maintenance dose that achieves a targeted blood level first and foremost, and not select a maintenance dose intrinsically/arbitrarily
	Target maintaining serum levels of at least 50 ng/ml 

Use reference ranges:
Deficient: 0-40 ng/ml (0-100 nmol/l)
Sufficient: 40-80 ng/ml (100-200 nmol/l)
High Normal: 80-100 ng/ml (200-250 nmol/l)
Undesirable: > 100 ng/ml (> 250 nmol/l)
Toxic: > 150 ng/ml (> 375 nmol/l)

Daily maintenance dose option for adults: 5,000 IU

Maintenance dose should be set based upon desired/ target blood level
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SWOT Analysis

	
	Strengths
	Weaknesses

	Internal Origin
	· Outstanding staff
· [bookmark: _Hlk11701624]Strong commitment to excellent patient care 
· Outstanding facilities with a dedicated MS Center with subspecialty providers to care for MS population.
· [bookmark: _Hlk11701649]One stop shop offering a magnitude of services available for completion in house (lab, pharmacy, etc.)
· Dedicated EMR staff, IT department, Medical Scribes, LabCorp location in house, Financial Services/ Billing Department
· Positive customer and public perception.
· Convenient location and hours
· [bookmark: _Hlk11701673]Various insurances accepted in addition to cash/self-pay
· Some studies have suggested clinics are more likely to practice evidence-based medicine
· Representation & provider coverage in local hospitals (Rex, Wake Med and Wake Med Cary)
· [bookmark: _Hlk11701732]High level of organizational efficiency

	· Given the complex disease process, established patient appointment times can seem short and can impact ability to expand on education
· Unstandardized treatment models/ Lack of unified approach to patient evaluation.
· Obstacles with access to shared patient medical information from other EMR systems
· Absence of current clinical decision support use for aid with protocols.


	
	Opportunities
	Threats

	External Origin
	· Growing metropolitan community
· Changes in population needs- growing evidence supporting best practices within MS patient care; Information regarding the important role of Vitamin D in MS has been published on various MS organizations media (i.e. National MS Society website, etc.)
· Enhanced application of technology with clinical decision support 
· Use of provider supportive staff, such as medical scribes, for order and prescription entry

	· Competition with other neurology specialty clinics utilizing best practices
· Reimbursement challenges imposed by insurance companies and government funded insurance such as Medicare
· Potential changes in insurance plans and or contracts for major area Employers
· Economic shifts






[bookmark: _Hlk6171495]Appendix I
Data Collection Tool

	Project Name:
	 
	 
	 
	 

	Name of Data Recorder:
	 
	 
	 
	 

	Location:
	 
	 
	 
	 

	Data Collection Dates:
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 

	Defect Types/
Event Occurrence
	Dates
	Total

	
	Sunday
	Monday
	Tuesday
	Wednesday
	Thursday
	Friday
	Saturday
	

	Patients with Diagnosis of MS seen
	 
	 
	 
	 
	 
	 
	 
	 

	Patients with Diagnosis of MS without vitamin D testing completed in past year
	 
	 
	 
	 
	 
	 
	 
	 

	Patients with Diagnosis of MS whom a vitamin D Level was ordered 
	 
	 
	 
	 
	 
	 
	 
	 

	Patients whose vitamin D level was deficit 
	 
	 
	 
	 
	 
	 
	 
	 

	Patients with vitamin D deficiency whom Rx was provided
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 

	TOTAL
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Appendix J
Quality Improvement/Program Evaluation Self-Certification Tool 
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Appendix K
Provider Protocol Compliance 
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Appendix I
Action Planning Tool

1. Complete the following activities to ensure successful translation:

Secure 2 project leader.
Identify change champions.

Consider whether translation activites require different or aditional members.
Schedule time to complete milestones.

Identy critical milestones and related tasks.

Identify observable pre or post measLres.

2. Identify barriers to the success of the change, and then identify strengths
that can be leveraged to overcome barriers.

Plan to Overcome Barriers by

Barriers Resources or Strengths | | overaging Strengths as Appropriate

3. Consider whether or how this change will affect the followir

2 Blectronic health record Q Workflow 2 Policies andor procedures

4. Confirm support and/or availability of funds to cover expenses.
(Check all that apply)

a2 Personnel costs 2 Education or further training
3 Supplesfequipment 2 Content or externalexperts
3 Technology 2 Dissemination osts (conference costs,
2 Photocopying travel)

2 other.

207 he s ki s The s HepknsUnnesty
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Appendix I
Action Planning Tool

5. Identify critical milestones and related tasks:

{insert Miestone 1) | (tnsert Mestone 2) | (tnsert iestone 3)  (Insor Miestone 1)

{insert eask)

Tasks

T A ——
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Vitamin D Screening & Supplementation Protocol for MS Patients

History of Vitamin D testing wil be evaluated at each patient' office visit encounter to
ensure Vitamin D screening is completed at least once yearly.

Utiize 25(OH)D test for Vitamin D testing.

Goal 25(0H)D level: 50 ng/ mL.

Definiton of deficiency for MS patients: result <50 ng/mL.

Replacement prescription to be provided if level <50ng/mL: 50,000 U weekly x 2
‘months then maintenance dosing of 4,000 or 5,000 1U g, (consider increasing
recommendation based upon re-evaluation of bloodwork or f obese)

Form of Vitamin D supplement to be used: Vitamin D3

After replacement dosing is given the level should be rechecked 3 - 6 months for re-
evaluation of Vitarmin D staus.
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