Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 16 March 2018 d0i:10.20944/preprints201803.0131.v1

1 Review

2 Clinical Management of Low Vitamin D: A Scoping
3 Review of Physician Practices

4 Michelle Rockwell *, Vivica Kraak !, Matthew Hulver !, and John Epling ?

5 ! Department of Human Nutrition, Foods, and Exercise, Virginia Polytechnic Institute & State University,

6 Blacksburg, VA 24061, USA; msrock@vt.edu (M.R.), vivica5l@vt.edu (V.K.), hulvermw@vt.edu (M.H.)

7 2 Department of Family and Community Medicine, Virginia Tech Carilion School of Medicine and Research

8 Institute; jwepling@carilionclinic.org

9 * Correspondence: msrock@vt.edu; Tel.: 540-231-9572
10
11 Abstract: The role of vitamin D in the prevention and treatment of non-skeletal health issues
12 has received significant media and research attention in recent years. Costs associated with
13 clinical management of low vitamin D (LVD) have increased exponentially. However, no
14 clear evidence supports vitamin D screening to improve health outcomes. Authoritative
15 bodies and professional societies recommend against population-wide vitamin D screening
16 in community-dwelling adults who are asymptomatic or at low risk of LVD. In order to assess
17 patterns of physician management of LVD in this conflicting environment, we conducted a
18 scoping review of three electronic databases and gray literature. Thirty-eight records met
19 inclusion criteria and were summarized in an evidence table. Results from seven countries
20 showed a consistent increase in vitamin D lab tests and related costs. Many vitamin D testing
21 patterns reflected screening rather than targeted testing for individuals at high risk of vitamin
22 D deficiency or insufficiency. Interventions aimed at managing inappropriate clinical
23 practices related to LVD were effective in the short term. Variability and controversy were
24 pervasive in many aspects of vitamin D management, shining light on physician practices in
25 the face of uncertainty. Future research is needed is needed to inform better clinical guidelines
26 and to assess implementation practices that encourage evidence-based management of LVD

27 in adult populations.
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30

31 1. Introduction

32 Vitamin D is an essential nutrient obtained by humans through exposure to ultraviolet B (UVB)
33 light, dietary sources, and dietary supplements. Many factors influence the vitamin D status of
34 individuals and populations including: latitude, season, time spent outdoors or in UVB light,
35 clothing habitually worn, sunscreen use, weight status, skin color, and some medications and
36 medical conditions [1]. People who are deficient in vitamin D may develop rickets, osteomalacia or
37 other bone disorders.

38 Vitamin D is found naturally in only a few foods — fatty fish (i.e., salmon, tuna, and mackerel),
39 egg yolks, certain mushrooms - and in dairy products, margarine, ready-to-eat cereals, and fruit
40 juices that have been fortified. Supplemental vitamin D is available in a variety of over-the-counter
41 (OTC) and prescription strengths, in both ergocalciferol (vitamin D:2) and cholecalciferol (vitamin
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42 Ds) forms, and for administration orally or via intramuscular injection. Vitamin D is fat soluble;
43 therefore, a risk of toxicity may exist with excessive vitamin D treatment.
44 Blood levels of vitamin D are most commonly evaluated through measurement of serum 25-

45 hydroxyvitamin-D (25-OH-D). While 1,25-dihydroxyvitmain D (1,25-OH-D) is the active form of
46 vitamin D, it has a shorter half-life than 25-OH-D (hours vs. weeks); thus, 25-OH-D is considered
47 the best clinical indicator of vitamin D status. Estimates of the incidence of population-wide vitamin
48 D deficiency and insufficiency, referred to as low vitamin D (LVD) throughout this paper, vary
49 widely. Holick [2] has described LVD as reaching pandemic proportions in populations, whereas

50 other clinicians and researchers have asserted that LVD rates are overestimated or exaggerated [3,4].
51 Variability in estimates of LVD may be due to how it is defined and blood level targets considered
52 sufficient or optimal to support good health. In 2011, an expert committee convened by the United

53 States (U.S.) Institute of Medicine (IOM) (changed to the Health and Medicine Division of the
54 National Academy of Medicine in 2016) reported that 25-OH-D of 20 ng/mL is sufficient to support
55 bone health in 97.5% of the population [5]. In contrast, the U.S. Endocrine Society considers < 20

56 ng/mL indicative of LVD [6]. Table 1 summarizes the vitamin D screening and testing guidelines
57 and recommendations from several authoritative bodies and professional societies in Australia,
58 Canada, England and U.S. Variations in clinical diagnosis of LVD in individuals/patients occur for
59 various reasons, including conflicting professional recommendations and practice guidelines,
60 unfamiliarity with recommendations and guidelines, independent clinical judgement, or the

61 tendency to default to laboratory-testing target levels.
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62  Table 1. Vitamin D testing guidelines and recommendations.

63 a. Vitamin D screening recommendations

Population-wide 25-OH-D screening

recommended?

25-OH-D testing for individuals at

high risk of deficiency recommended?

Definition of “high risk”

[10]

Public Health England/ National No Yes Symptoms indicative of rickets,
Osteoporosis Society, 2017 [7] osteomalacia or symptomatic
hypocalcaemia
U.S. Preventive Services Task Force, Current evidence is insufficient to assess n/a n/a
2015 [8] the balance of benefits and harms of
screening in asymptomatic adults (I
statement)
American Academy of Family Current evidence is insufficient to assess No n/a
Physicians, 2014 [9] the balance of benefits and harms of
screening for vitamin D deficiency (I)
Canadian Medical Association, 2012 No Yes e  Significant renal or liver disease

e  Osteomalacia, osteopenia or
osteoporosis

e  Malabsorption syndromes

¢ Hypo or hypercalcemia/
hyperphosphatemia

¢  Hypo or hyperparathyroidism

e  Patients on medications that affect
vitamin D metabolism or
absorption

¢  Unexplained increased levels of
serum alkaline phosphatase

e Patients taking high doses of
vitamin D (> 2000 IU daily) for
extended periods of time (> 6
months), and who are exhibiting

)
(0]
=
=
—
(2]
3
s
=
e
=
D
©
§.
@
2
e
z=
©]
_|
0
m
m
o
Y
m
<
=
m
O
o
o
)
®
=
A=Y
()]
<
g
(2]
>
N
o
[
(e¢}

TA'TETOE08TOCSULIAR]



http://dx.doi.org/10.20944/preprints201803.0131.v1

symptoms suggestive of vitamin D
toxicosis (hypervitaminosis D)
U.S. Endocrine Society, 2011 [6] No Yes ¢ Rickets, osteomalacia, osteoporosis
e  Chronic kidney disease

e  Hepatic failure

e Malabsorption syndromes

e  Certain medications

e African-American and Hispanic
children and adults

e Pregnant and lactating women

e  Older adults with history of falls or
non-traumatic fractures

e  Obese children and adults

¢  Granuloma-forming disorders

e Some lymphomas

Kidney Disease Outcomes Quality No Yes e  Stage 3 or 4 kidney disease

Initiative (KDOQI), 2009*

64 *KDOQI changed diagnostic criteria for stage 3 kidney disease resulting in more stage 3 kidney disease diagnoses and subsequent 25-OH-D tests.
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65

66

67

b.

Blood 25-hydroxyvitmamin D (25-OH-D) levels indicative of vitamin D deficiency, insufficiency, adequacy, and toxicity.

Vitamin D Vitamin D Adequate Vitamin

Deficiency Insufficiency D Toxicity

(25-OH-D) (25-OH-D) (25-OH-D) (25-OH-D
Public Health England/ National Osteoporosis Society, 2017 <10 ng/mL 10-19.5 ng/mL >20 ng/mL Not defined
[7]
Australian and New Zealand Bone Mineral Society/ Endocrine Society of Australia and | Mild deficiency: 12-19.5ng/mL 20 ng/mL at the end | Not defined
Osteoporosis Australia, 2012 [11] Moderate deficiency: 5-12 ng/mL of winter; 24-28

Severe deficiency: <5 ng/mL ng/mL at the end of

summer to allow
for seasonal

decrease

National Academy of Medicine (formerly the Institute of Medicine), 2011 [5] <12.5 ng/mL Not defined 12-20 ng/mL >50 ng/mL

25-OH-D of 20
ng/mL is sufficient
to meet needs of
97.5% of the

population

U.S. Endocrine Society, 2011 [6] <20 ng/mL 20-30 ng/mL >30 ng/mL >150 ng/mL
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68 Daily requirements, treatment guidelines and protocols, and monitoring strategies for LVD are
69  unclear, variable, contradictory, and sometimes poorly-defined. Additionally, many laboratory
70  methods are used to quantify 25-OH-D (e.g., liquid chromatography-tandem mass spectrometry,
71  enzyme linked immunosorbent assay, chemiluminescence immunoassay, and new point-of-care
72 assays [12]) resulting in notable intra- and inter-assay variability.
73
74 In recent years, the role of vitamin D in the prevention and treatment of numerous non-skeletal
75 conditions and chronic diseases has gained attention. Cardiovascular disease, diabetes, some cancers,
76  autoimmune disorders, infertility, and depression are among many conditions associated with LVD
77 status [13-15]. More than 300 new PubMed entries for “vitamin D” or a similar term in the title have
78  been made monthly since 2013. A majority of the research that links vitamin D status to non-skeletal
79 issues or conditions is based on observational studies, theories, and newly discovered mechanisms
80  rather than randomized controlled trials conducted in human populations. In 2011, the IOM revised
81  the Dietary Reference Intakes (DRI) for vitamin D for populations (i.e., adequate intake for infants
82  ages 12 months and younger [400 IU); estimated average requirement [400 IU] and recommended
83  dietary allowance [ 600 IU] for children ages 1 year and older through adulthood). The U.S. Endocrine
84  Society also published clinical guidelines for the Evaluation, Treatment, and Prevention of Vitamin
85 D Deficiency that same year. However, only skeletal health research was used to inform these
86  recommendations because the available research on non-skeletal conditions was considered
87  insufficient or conflicting [5,6]. Debate exists regarding the role of vitamin D in non-skeletal
88  conditions and the quality of data for some conditions has continued to evolve. Nevertheless, the U.S.
89  Preventive Services Task Force (USPSTF), an independent panel of experts who issue evidence-based
90  clinical practice recommendations, concluded in 2015 that there was insufficient evidence to support
91  population-wide screening for individuals at low risk of vitamin D deficiency [8]. Improved health
92  status has not been reported in asymptomatic individuals treated for LVD [16].
93
94 Emerging research and inconsistency in clinical guidelines have captured the attention of the
95  media, public, and healthcare providers [17]. Despite formal guidelines and recommendations
96  suggesting otherwise, a significant increase in screening and testing for LVD has been reported
97  [5,18,19]. Laboratory test overutilization and over diagnosis are recognized problems since both
98  impact healthcare costs and quality of care [20,21]. A 2012 IOM report concluded that $750 billion
99  annually (representing over 30% of total U.S. healthcare spending) is used for unneeded care, such
100  as non-indicated laboratory testing. Efforts to curb this overutilization have included the Choosing
101  Wisely campaign (www.choosingwisely.org) that outlines recommendations against vitamin D
102 testing for low-risk patients [22,23].
103
104 Identifying existing and evolving clinical practice patterns associated with LVD in adult
105  populations is necessary to design, implement, and evaluate interventions aimed at reducing low
106  value care, such as Choosing Wisely. Numerous research studies and reports have assessed
107  physicians’ practice patterns associated with LVD, but no overview or comprehensive summary of
108  the clinical management of LVD and its implications has been published. This paper addresses this
109  knowledge gap by reviewing the healthcare services literature regarding: 1) physician management
110  of LVD in community-dwelling adults, 2) costs associated with physicians’ clinical practices related
111  to LVD, and 3) efforts to constrain inappropriate physician clinical practice related to LVD.

112

113 2. Materials and Methods

114 The research question that guided this review was: How are clinical practices regarding
115 vitamin D impacted by the changing guidelines and research base concerning the management of LVD
116  in community-dwelling adults? Due to the broad nature of the research question, a scoping review
117  was selected to systematically assess and describe the published literature for clinical management,
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118  associated costs, and attempts to constrain physician practices related to LVD in an unbiased and
119  transparent manner, while identifying key themes and future research needs [24]. As a scoping
120  review, the intent was to describe the breadth of the literature rather than to emphasize quality of the
121  studies, and to determine the value and feasibility of undertaking a systematic review for a more
122 focused research question related to this topic [25].

123
124 Search Strategy
125 The Cochrane Library scoping review methodology [25] and Preferred Reporting Items for

126  Systematic Reviews and Meta-Analyses (PRISMA) checklist [26] informed the conduct of this scoping
127  review study. A literature search was performed by M.R. in consultation with a research librarian in
128 November, 2017. Three electronic databases (i.e., PubMed, EMBASE, and Cochrane) were searched
129  between 1997 and 2017. The search start date was selected as 1997 when the previous U.S.
130  recommended dietary allowance for vitamin D was established. The following MeSH search terms
131  were used: “vitamin D” [title or abstract] AND (“physician” OR “healthcare provider” OR “manag*”
132 OR “primary care” OR “general practice” OR “lab* test” OR “screen*” OR “prescri*” OR “cost” OR
133 “economic” OR “attitude”) [all fields]. An update search was conducted in January, 2018 to identify
134 any articles published since the original search. During this second search, the reference lists from
135  included articles were scanned for additional relevant literature, and a gray literature search was
136  conducted using Google and the search terms above was conducted in January, 2018.

137
138  Inclusion and Exclusion Criteria
139 Title abstract and review involved scanning the titles and abstracts of each identified article for

140  relevance to the research question. All articles written in the English language that related to vitamin
141 D screening and testing in community-dwelling adults were included. Only articles focused on
142 physicians were included because published articles related to vitamin D testing patterns for other
143 health professionals and medical team members were limited (three were identified). However, in a
144 few of the included articles, medical team members such as physicians’ assistants or nurse
145  practitioners were grouped with physicians for analyses. Articles that focused exclusively on
146 children, individuals living in residential care facilities, and those with specific medical conditions
147  (e.g., osteoporosis, kidney disease, or multiple sclerosis) were excluded. Cost evaluations were
148  included if they assessed outcomes directly resulting from physician management of LVD.

149
150  Data Extraction and Synthesis
151 Data were extracted and summarized in an evidence table that included population, setting,

152 study methodology, and key findings. Articles were grouped by outcomes reported including:
153  vitamin D laboratory testing patterns, costs associated with vitamin D testing, knowledge, attitudes
154  and/or behaviors related to physicians’ management of vitamin D, and attempts to change
155  physicians’ practices involving vitamin D. Some articles were grouped in more than one outcome.
156  Specific quality assessments were not performed beyond noting the methodology in keeping with
157  the purpose of this scoping review.

158 Throughout the study, vitamin D was reported as IU (1 IU = 0.025 pg) and blood 25-OH-D was
159  reported as ng/mL (1 ng/mL = 2.5 nmol/L). When applicable, monetary data was reported in the
160  currency used in the original source and converted to U.S. dollars using January 2018 exchange rates.
161  Vitamin D screening was defined as testing asymptomatic individuals for the presence of LVD,
162  whereas vitamin D testing was defined as evaluating selected symptomatic or at-risk individuals for
163 LVD.

164
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165 3. Results

166 Figure 1 shows the PRISMA flowchart for the scoping review. Of the 688 articles identified by
167 the search, 72 met the initial inclusion criteria. An additional 34 articles were excluded after title and
168 abstract review because clinicians, patients, the setting, or outcomes did not meet the inclusion
169  criteria. The remaining 38 articles were included in this review [27-65]. Two gray literature
170 documents were also included.

171
172
=
R PubMed Cochrane Library EMBASE Scanning reference lists and gray literature
e
S 1997-2018 1997-2018 1997-2018 1997-2018
% 670 Citation(s) 6 Citation(s) 2 Citation(s) 10 Citation(s)
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= \ /
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2= 72 Arnticles Retrieved
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20
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—
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I
173

174  Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses Flow Diagram for

175  the Scoping Review.
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176 3.1 Vitamin D Laboratory Testing

177 Trends in 25-OH-D laboratory tests are shown in Table 2. An increase in 25-OH-D testing was
178 reported in six different countries: Australia, Canada, France, Saudi Arabia, United Kingdom, and
179  the U.S. No articles reported that the rate of 25-OH-D testing decreased or stayed the same. A 94-fold
180  increase in testing (over 4.5 million tests) was reported in Australia between 2006 and 2010 [27], 83-
181  fold increase in tests in U.S. Medicare Part B recipients [28], 11-fold increase among primary care
182  patients in Liverpool, United Kingdom [29], and nearly eight-fold increase (in 25-OH-D and/or 1,25-
183  OH-D) in France based on nationally-representative health insurance data, totaling 18% of patient
184  visits from 2008 to 2013 [30]. The volume of 25-OH-D tests increased by six-fold in a National Health
185  Service hospital in London, United Kingdom and more than doubled in a large Scottish hospital from
186 2008 to 2010, creating a substantial laboratory backlog [31].
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Table 2. Studies reporting trends in vitamin D testing patterns

Study

Bilinski and Boyages, 2013A
[27]

Bilinski and Boyages, 2013B

[32]

Caillet et al., 2017 [30]

Colla et al., 2017 [32]

de Koning et al., 2014 [33]

Gowda et al., 2016 [34]

Khalifa et al., 2016 [35]

Tapley et al., 2015 [36]

Wei et al., 2014 [37]

Zhao et al., 2015 [29]

Population

2.4 million patients who received 25-OH-D tests

(national health system data)

Women, ages 45-74

(national health system data)

639,163 patients

(national health insurance database)

Medicare and commercially insured patients

(Health Care cost Institute database)

Adult residents of 1436 census regions

2187 patients seen in community health center

Hospital patients
(King Faisal Hospital and Research Center)

General practice patients

(ReCEnt cohort study)

22,784 managed care patients

Primary care patients

Setting

Australia

Australia

France

United States

Alberta,

Canada
Melbourne,
Australia
Jeddah,
Saudi Arabia

4 states in

Australia

California,
United States
Liverpool,
United
Kingdom

Time Frame

4-year period
2006-2010
10-year period
2001-2011
1-year period
2008-2009
2-year period
2009-2011
1-year period
2010-2011
2-year period
2010-2012
1-year period
2014-2015
3-year period
2010-2013
2-year period
2011-2013

5-year period
2007-2012

Key Findings

94-fold increase in tests

44% increase in tests

18.5% were tested

10-16% of Medicare patents and 5- 10% of

commercially insured were tested

8% were tested

56% of patients were tested

30% increase in tests

1% of patients were tested

11% of patients were tested

11-fold increase in tests
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188 Initial tests represented the majority of recorded tests [29,35,37,38]. One exception was reported
189 by a U.S. Veterans Administration study in which over 70% of tests were repeat or follow-up tests
190  [39]. Of studies evaluating repeat tests over time, a quarter of French patients incurred three or more
191  testsin a five year period [30] while 27% of Australian patients incurred three or more tests in a four
192 year period [27] and three or more 25-OH-D tests were ordered for patients in a hospital in Saudi
193 Arabia within one year, with some patients incurring more than six tests [35]. Khalifa et al. [35]
194  described three trends in their analysis of 25-OH-D testing patterns: 1. physicians ordered many
195  initial tests in different patients; 2. physicians repeated tests in the same patient; and 3. some
196  physicians demonstrated both 1 and 2.

197 Minimal data regarding characteristics of physicians who order 25-OH-D tests is available.
198  However, Tapley et al. [36] reported that Australian physician trainees were more likely to order tests
199  if they worked within a practice that completely bulk bills the national insurance plan (no out-of-
200  pocket or private insurance charges) or if they were ordering other laboratory blood tests as well. In
201 2006-2010, 80% of the 25-OH-D tests ordered throughout Australia were ordered by general
202  practitioners and 20% were ordered by specialists [27]. Caillet et al. [30] reported an increase in
203  proportion of 25-OH-D tests ordered by general practitioners in France from 2008 to 2013 (54% to
204  66%) and a concurrent decrease in 25-OH-D tests ordered by specialists (30% to 13%).

205 Physicians were more likely to order 25-OH-D tests for female patients, older patients, and
206  migrant patients [29,34,36,38-42]. Ages described as “older” varied by study with tested patients
207  having a mean age of 50 years [29,42], 63 years [38], or older than 65 years [36]. Gowda et al. [34]
208  reported that 25-OH-D testing increased with age throughout adulthood. Lower socioeconomic
209  status was associated with higher likelihood of being tested in one study [30], but had no impact on
210  testlikelihood in another [34]. Individuals classified as “visible minorities” were more likely to have
211 25-OH-D tests in one study [33].

212 Medical diagnoses associated with 25-OH-D testing were most commonly “health
213 maintenance”, “medical check-up”, and “tiredness/lethargy/fatigue” in a 2010-2013 Australian
214 cohort [36]. Bilinski and Boyages [27] evaluated how the 94-fold increase in 25-OH-D testing from
215 2006 to 2010 in Australia compared to more routine testing — e.g., complete blood count (CBC) orders.
216  Orders for CBC increased only 2.5-fold, indicating that 25-OH-D testing increased at a significantly
217  greater rate than orders for other tests. The number of bone densitometry tests ordered during the
218  2006-2010 timeframe increased just 2.5-fold. The same research team reported a 43.6-fold increase in
219  25-OH-D testing among 45-74 year-old females in Australia [32]. Because they noted only a
220  concurrent 1.2-fold increase in bone densitometry testing, authors labeled this pattern “the Vitamin
221 D Paradox”, as it appeared that 25-OH-D testing was not associated with evaluation of bone health
222 [32]. Huang et al. [39] reported that 97.2% of the 7.5 million 25-OH-D tests ordered within a national
223 U.S. outpatient cohort were coded as ICD-9 268.9, unspecified vitamin D deficiency, with less than three
224 percent coded as vitamin D deficiency-related osteomalacia or general vitamin D deficiency.

225 The proportion of 25-OH-D tests results categorized as vitamin D deficient or insufficient ranged
226 from 42% to 67% [29,37-39,41]. Of note, researchers used different cut-offs for deficiency and
227  insufficiency and the insufficiency category was not always reported. For example, Zhao et al. [29]
228  classified vitamin D deficiency as 25-OH-D <12 ng/mL and insufficiency as 12-20 ng/mL whereas Wei
229 et al. [37] classified <20 ng/mL as deficiency and 20-30ng/mL as insufficiency. Three studies did not
230  include an insufficiency category in their analyses [38,39,41].

231 Five studies analyzed whether or not ordered 25-OH-D tests were medically indicated. It is
232 difficult to compare the results of these studies because varying criteria and guidelines were used in
233 analyses. Forty-eight percent of 25-OH-D tests ordered by physicians in an Australian health system
234  during 2012 were not considered guideline-supported based on authors” application of multiple
235  professional guidelines [38]. Over 40% of 25-OH-D tests ordered for patients were covered by a
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236  private insurance company in upstate New York, U.S. but did not meet the company’s criteria for
237  medically indicated [42]. Non-indicated tests comprised nearly 10% of 25-OH-D tests in a 2014
238  northeast U.S. analysis [40] and 8.2% of tests ordered by physicians in a research and teaching
239  hospital in Italy from 2012-2014 [43], both based on respective national guidelines. In the later
240  analysis, 1,25-OH-D was ordered for an additional 8% of patients, also deemed inappropriate by
241  authors [43]. Only a fraction (3%) of 25-OH-D tests ordered in a California, U.S. managed care health
242 system were classified as “high risk” (i.e.: patients had fat malabsorption, chronic kidney disease,
243 HIV, anti-epileptic drug use, or a history of bariatric surgery) [37].

244 3.2 Vitamin D Prescriptions

245 Assessing strategies for treating LVD is difficult because treatment may include recommended
246  dietary changes, increased UVB exposure, or vitamin D supplements which can be obtained over-
247  the-counter or by prescription. However, a 75-fold increase in vitamin Ds prescriptions was

248  observed in Tuscany, Italy from 2006 to 2013 [44]. An eight-fold increase in vitamin D2 prescriptions
249  was reported in California, U.S. Kaiser Permanente patients from 2007 to 2010 [45].

250 Prescribing patterns varied among physicians. For example, Caillet et al. [41] observed over
251 350 different treatment regimens administered to 1311 French patients in 2008 and 2009 while

252 Pepper et al. [46] described 36 discrete vitamin D prescribing regimens within a Veterans Medical
253  Center in Georgia, U.S. in 2003 to 2006. Vitamin D treatments varied by form of vitamin D (i.e.,

254 vitamin D2 vs. Ds), mode of delivery (i.e., intramuscular injection vs. oral), dose and frequency, and
255  length of treatment regimen.

256 3.3 Physicians’ Knowledge, Attitudes, and Behaviors related to Management of LVD

257 Physician knowledge, attitudes, and behaviors related to vitamin D testing were evaluated by
258  six studies. Three studies [47-49] administered adaptations of the same survey, “Prescribing
259  Sunshine”, aimed at assessing attitudes, practices, and knowledge regarding vitamin D and sun
260  exposure among primary care physicians in Australia, New Zealand, and Saudi Arabia, respectively.
261  Epling et al. [50] assessed primary care provider practice patterns involving vitamin D using focus
262 groups while Tarn et al. [51] analyzed recordings of patient-physician office visits, and Bennett et al.
263  [52] explored physician management of vitamin D through structured interviews.

264  3.3.1 Physician Knowledge

265 Physicians’ confidence in their vitamin D knowledge varied, with 9-40% responding “not at all
266  confident” in their vitamin D knowledge [47-49]. Information regarding vitamin D was obtained
267  through multiple different sources and strategies. The study by Bennett et al. [52] reported prevalence
268  of both passive and active information-seeking strategies, with few physicians reporting interactive
269  strategies in obtaining vitamin D knowledge. Physicians in the Epling et al. [50] study discussed
270  informal conversations with colleagues (not necessarily recent), point-of-care resources, professional
271  guidelines, and scientific literature as information sources. Physicians in Saudi Arabia stated that
272 continuous medical education, internet resources, and medical journals were their primary
273 information sources [49]. Australia released a national position statement regarding vitamin D and
274  sun exposure in 2009, but only about 20% of physicians reported having read it when responding to
275 a 2010 survey [48]. Bovisnki et al. [48] and Reeder et al. [47] both reported that about half of surveyed
276  physicians agree with the statement “information about vitamin D is not readily available to general
277  practice physicians”. Regardless, more than half of physicians in these two studies reported that the
278  amount of information they were exposed to regarding vitamin D was “more than normal” in the
279  previous year [47,48]. Very few physicians agreed that this information influenced their practice.
280  Physicians in the Tarn et al. [51] study provided information to patients that was inconsistent with
281  clinical guidelines regarding vitamin D screening in asymptomatic adults, the definition of LVD, and
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282  the optimal range for 25-OH-D. Nearly 100% of “Prescribing Sunshine” respondents strongly agreed
283  that clear and concise guidelines regarding LVD would be useful [47-49].

284 3.3.2 Communication

285 The topic of vitamin D came up in more than 15% of patient encounters in the study of Southern
286  California, U.S. physicians [51]. In spite of a great deal of uncertainty regarding vitamin D
287  information and guidelines, physicians conveyed over 95% of vitamin D-related statements with
288  certainty [51]. For example, some patients were told that vitamin D screening was routinely
289  recommended in spite of insufficient evidence to support screening [51]. Bennett et al. [52] described
290  physicians’ employment of Uncertainty Management Theory in conversations with patients about
291  vitamin D treatment.

292 3.3.3 Testing and Treatment

293 Physicians varied in their beliefs and practices regarding testing for LVD, with some supporting
294  screening for all of their patients, others believing that testing should be based on risk factors (the
295  definitions of these risk factors were highly variable), and others focusing minimally on testing
296  [50,52]. Epling et al. [50] found that patient demand was a primary driver for vitamin D testing.
297  However, only about 20% of “Prescribing Sunshine” respondents indicated that patients initiated
298 testing [48].

299 The definition of deficient/adequate/optimal 25-OH-D levels and recommended treatment
300  regimens varied broadly [50-52]. Treatment of LVD with dietary supplements was more commonly
301  recommended than dietary changes or increased exposure to sunlight [47-49]. Confusion about the
302  amount of sunlight required for optimal vitamin D synthesis was expressed, in addition to concern
303 about the association between excess sun exposure and skin cancer risk [47,48]. About 70% of
304  responding physicians in Australia and New Zealand disagreed that “it is more important to stay out
305  of the sun than get enough vitamin D" [47,48].

306 A variety of maladaptive responses to uncertainty surrounding vitamin D testing were reported.
307  For instance, some physicians admitted manipulating diagnostic codes so vitamin D tests were more
308  likely to be reimbursed by insurance [50]. Bennett et al. [52] discussed physicians’ tendency to craft a
309  certain statements and stories even when uncertainty exists.

310  3.3.4 Attitudes

311 Uncertainty, doubt, and skepticism regarding vitamin D management were themes in two
312 studies [50,52]. Some physicians discussed their desire for patients to be proactive in their own care,
313  yet also expressed frustration about the influence and unreliability of accessed media sources [52].
314  Theissue of limited time for patient encounters was discussed, with some physicians mentioning that
315  vitamin D management was not always the top priority in patient visits [50,52].

316 3.4 Economic Impact

317 The economic impact of vitamin D testing is sizable and increasing. Table 3 includes studies and
318  reports which have analyzed or estimated direct costs of vitamin D testing. For example, Bilinski and
319  Boyages [53] reported that nearly $100 million (Aus.)/ $794 million (U.S.) was spent on vitamin D
320  testing in Australia in 2010, a value that reflects 1% of national healthcare spending. In the U.S., $224
321  million was spent on vitamin D testing for Medicare patients (individuals over 65 years of age or
322  qualifying based on disability) and $33 million was spent on 2014 vitamin D tests among privately
323  insured patients in Upstate New York, U.S. [42]. Over $20 million of “unnecessary” testing was
324  identified in Virginia, U.S. in 2014 based on analysis using health waste calculator software [54]. The
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325  $20 million represents approximately 0.9% of the state’s healthcare spending in 2014, up from 0.4%
326  in 2013 [55]. Non-indicated vitamin D tests were more common in U. S. Medicare patients than
327  commercially insured patients based on Medicare guidelines for vitamin D testing (13% vs. 8% of
328  patients seen from 2009-2011, respectively) [32]. No studies reported a decrease in vitamin D testing.

329 Patients diagnosed with LVD in U.S. Veteran’s Medical Centers used more healthcare services
330 and incurred higher medical costs than patients not diagnosed [39,56]. Vitamin D status also
331  correlated with increased hospitalization and medical costs in generally healthy German adults [57].
332  Decreased muscle relaxant and pain medication prescriptions were associated with vitamin D status
333  and supplementation in French patients dealing with chronic pain [42].

334
335 3.5 Efforts to Constrain Inappropriate Clinical Practice related to Low Vitamin D

336 Interventions aimed at reducing inappropriate vitamin D test-ordering have been impactful.
337  For example, the national health systems in France and Ontario, Canada restricted testing to only a
338  subset of high-risk conditions [58,59]. Through reimbursing 25-OH-D testing only for
339 osteoporosis/osteopenia, rickets, malabsorption syndromes, renal disease, and concurrent
340  medications which may affect vitamin D metabolism, officials in Ontario predict a savings of
341  approximately $65 million annually [59]. Deschasaux et al. [60] recommended a screening
342  questionnaire, the vitamin D insufficiency prediction score, as an effective tool for identifying
343  patients at high-risk for LVD and as a precursor for 25-OH-D testing while a Utah, U.S.-based team
344  suggested benchmarking as an effective method of monitoring vitamin D testing [61].
345  Implementation of three clinical decision support tools in the electronic medical record of a large
346  U.S.-based health system resulted in a 13% reduction in tests considered unnecessary by the health
347  system’s evidence-based guidelines [62]. White et al. [63] also showed a decrease in inappropriate
348  test-ordering through electronic medical record modification in two U.S. medical facilities. Direct
349  physician feedback reduced inappropriate repeat 25-OH-D testing by 25% in Italy [64]. For example,
350  physicians received a phone call and computer message when ordering a repeat 25-OH-D test less
351  than90 days after the previous 25-OH-D test [64]. Finally, patient and clinician education were shown
352 to be effective in reducing 25-OH-D test-ordering [60,65].
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Table 3. Cost of vitamin D testing.

Study/ Report Population Setting Timeframe Key Findings
Commercially insured Upstate New | 1-year period
Bartells, 2014 [42] adult patients York, U.S. 2014 $33 million spent on 25-OH-D tests
Bilinski and Boyages, Adults
2013A [27] (national health system 4-year period
data) Australia 2006-2010 $20 million (Aus.)/ $16 million (U.S.) spent on “non-indicated” 25-OH-D tests
Women, ages 45-74 .$7 million (Aus.)/ $555,492 (U.S.) spent on 25-OH-D tests in 2001 and $40.5
Bilinski and Boyages, (national health system 10-year period million (Aus.)/ $32 million (U.S.) in 2011
2013B [32] data) Australia 2001-2011
All individuals
(national health insurance 2-year period €27 million/ $33 million (U.S.) in 2009 to €65 million/ $79 million (U.S.) on 25-
Caillet et al., 2016 [30] database) France 2009-2011 OH-D tests
Cianferotti et al., 2015 Tuscany, 7-year period €3.2 million/ $3.9 million (U.S.) in 2006 to €8.2 million/ $10.1 million (U.S.) in
[44] Adults (20-90) Italy 2006-2013 2013 on 25-OH-D tests
Medicare patients
Colla et al. 2015 [23] (>65 years of age, qualify 5-year period
based on disability) Us. 2006-2011 $224 million in 2011, average of $198 million/year 2006-2001 on 25-OH-D tests
All individuals without
high risk diagnosis (ex:
osteoporosis,
malabsorption, liver 2-year period
Fairfield, 2017 [40] disease, etc.) Maine, U.S. 2012-2014 $9,596,000 spent on “non-indicated” on 25-OH-D tests
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Liverpool,
Gardner and Zhao, 2014 United 1-year period
[66] All individuals Kingdom 2012 £100,000/ $138,000 (U.S.) spent on 25-OH-D tests
One medical
center in
Jeddah, 1- year period
Khalifa et al. 2016 [35] All adults Saudi Arabia | 2014-2015 $43,000 spent on “avoidable” 25-OH-D tests
One medical
center in 2.8 year period
Lanzoni et al. 2016 [43] | All individuals Milan, Italy | 2012-2014 $58,099 spent on “inappropriate” 25-OH-D tests
All individuals Virginia, 1 year period
Mafi et al. 2017 [54] (all-payer database) us. 2014 $20.6 million spent on “unnecessary” 25-OH-D tests
Ontario, 3 year period $150 million (Can.)/ $120.7 million (U.S.) by 2012, up from $38
Mittelstaedt 2010 [67] All individuals Canada 2009-2012 million (Can.)/ $30.6 million (U.S.) in 2009 on 25-OH-D tests
All continuously- enrolled | California, 2 year period
Wei et al. 2014 [37] managed care patients U.S. 2011-2013 $585,550 spent on 25(OH)D tests
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356 4. Discussion

357 This scoping review identified literature related to physicians’ clinical management of LVD,
358  costs associated with physicians’ clinical management of LVD, and efforts to constrain inappropriate
359  clinical management of LVD by physicians in a variety of developed countries. Vitamin D laboratory
360  testing, prescriptions, and costs associated with these practices have increased, in some cases
361  dramatically, over the past 10-15 years. Patterns of test overutilization were demonstrated
362  throughoutreviewed studies. Interventions designed to constrain inappropriate clinical management
363  patterns have produced promising results.

364 Although a substantial volume of patients with LVD were identified through 25-OH-D testing,
365  the odds of detecting LVD decreased. Reported increases in vitamin D testing were disproportionate
366  to increases in other laboratory tests. Most articles reported testing patterns indicative of vitamin D
367  screening. These patterns are inconsistent with clinical guidelines and recommendations from
368  USPSTF, IOM, U.S. Endocrine Society, and others (Table 1) who recommend vitamin D testing only
369  for symptomatic patients or those at high risk of LVD. Billinski and Boyages [32] showed that vitamin
370 D testing was not associated with bone-related diagnoses, which are commonly considered indicative
371  of vitamin D testing. It is unknown, however, what proportion of tests were associated with other
372  problems or diagnoses which may be considered high risk for LVD, such as chronic renal disease or
373  malabsorption. Ambiguity and inconsistencies in LVD treatment guidelines may explain the
374  excessive number of repeat vitamin D tests ordered in a short timeframe in some analyses.

375 As noted in Table 3, the financial impact of rising 25-OH-D testing is significant. It could be
376  argued that spending on 25-OH-D testing is trivial since it contributes marginally to total healthcare
377  spending. However, achieving the global goal of containing healthcare spending, in part, by reducing
378  low value care and medical waste, will require collective effort at all levels of care and all levels of
379  spending. Better management of vitamin D may serve as an example for future efforts to achieve
380  higher value care.

381 Values reported in Table 3 do not include downstream costs associated with increased testing
382  such as increased laboratory personnel, time/personnel needed to communicate test results to
383  patients, tests ordered as follow-ups to initial testing, and consequent treatment expenses. Minimal
384  information is available about resource utilization related to increased vitamin D prescriptions and
385  the variation in treatment patterns was identified by this review.

386 Although increased healthcare costs were associated with LVD, it is difficult to determine if
387  patients in these studies incurred higher healthcare costs only due to LVD. Since numerous factors
388  arerelated to both LVD and poor health, patients with LVD may have been sicker than those without
389 LVD. Rather than LVD causing health problems (and thus, higher costs), it is feasible that health
390  problems resulted in LVD.

391 Authors of several reviewed articles concluded that standardization of guidelines and
392  procedures regarding vitamin D testing and medical management would be valuable. Almost all
393  “Prescribing Sunshine” respondents agreed that clear and concise guidelines were needed, with over
394  50% indicating their perception that information about vitamin D is not readily available to general
395  physicians [47,48]. However, guidelines and recommendations from multiple expert bodies and
396  professional associations exist (Table 1). Data collection for some studies occurred before Table 1
397  guidelines and recommendations were published, so it is possible that physicians may have changed
398  their vitamin D management after reviewing revised professional guidelines. Inconsistency in
399  published guidelines and recommendations coupled with the recent intense focus on the role of
400  vitamin D in non-skeletal conditions may explain the wide variation in management of LVD.
401  Physicians’ lack of awareness of existing guidelines may also contribute to inconsistencies; a better
402  understanding of what proportion of physicians have reviewed guidelines and recommendations
403  included in Table 1 would be valuable. Finally, perhaps some physicians were aware of guidelines,
404  but did not agree with the guidelines, preferred to make decisions based on their own clinical
405  judgement, or were influenced by the high volume of reports related to non-skeletal effects of LVD
406  [68].
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407 Epling et al. [50] discussed physicians’ practice patterns regarding vitamin D as set within
408  clinical “mindlines”. Mindlines have been defined as ‘collectively reinforced, internalized tacit
409  guidelines”, [69] that arise from the interaction of knowledge, practice patterns and constraints, and
410  the larger context of patient demand and the medical community. These mindlines may serve as an
411  explanation for noted contradictions in guidelines and physician practices. We found differences in
412 the impact of patient demand on vitamin D test ordering [48,50]. Overall, a better understanding of
413  the factors that influence the clinical management of LVD is needed.

414 The issue of uncertainty was repeatedly cited as a highly influential contributor to excessive low
415  value care, including 25-OH-D testing in low risk patients. Colla et al. [70] reported that over 60% of
416  surveyed physicians found uncertainty involved in providing care disconcerting. Bennet et al. [52]
417  described a number of communication and coping strategies employed by physicians in relation to
418  uncertainty in vitamin D management. Other influences potentially include: defensive behavior/ fear
419  of malpractice accusations, responding to patients’ or family members’ demands, ease of ordering
420  and obtaining test results, profit for medical subspecialties, clinical performance measures, and lack
421  of feedback regarding cost and prevalence of testing. The allure of identifying an easy-fix or “magic
422  pill” for patient treatment (i.e., treating LVD, recommending vitamin D supplementation) may be
423  appealing to patients and physicians alike, contributing to vitamin D lab test overutilization.

424 Some physicians noted conflict regarding multiple health goals and initiatives. For instance,
425  the challenge of promoting UVB exposure for improving vitamin D status while recommending
426  limited UVB exposure as a skin cancer precaution. Guidelines and tools for recommending
427  appropriate sun exposure for different individuals in a variety of regions would be valuable to
428  clinicians. Finally, with the average primary care visit lasting an average of 13-16 minutes [71], time
429  toadequately address topics such as vitamin D may be limited, particularly in complex patients. One
430  physician expressed practical challenges in translating medical recommendations in clinical practice
431  given multiple constraints, stating “In training, the most important lesson they teach you is when not
432  to do something. But in real life, it’s all about staying out of trouble, surviving, and keeping it quick”
433 [72].

434 Multiple interventions led to meaningful reductions in inappropriate 25-OH-D test-ordering in
435  the short term. However, long-term effectiveness, in addition to physicians’ acceptance of these
436  interventions is needed.

437
438  Future research
439 High quality evidence regarding whether or not vitamin D testing and/or treatment in

440  asymptomatic adults improves health status or the economic bottom line is the priority for further
441  research related to clinical management of vitamin D. Once this information is elucidated, methods
442  for constraining test variation, improving adherence to guidelines, and reducing cost of testing would
443  appropriately be considered. Understanding more about why physicians provide increasing amounts
444  of low value care — especially low cost, low value care - and how they experience uncertainty and
445  emerging information may provide perspective into effective intervention for vitamin D
446  management in addition to other health services.

447
448  Study strengths and limitations
449 This study is the first review of literature related to clinical management of LVD. As is

450  appropriate for the intent of a scoping review, the included evidence is heterogeneous in clinical
451  setting, research methods, and analysis. Limitations of this review include the restriction to English
452  language articles, and the lack of detailed critical appraisal of the included studies. Literature
453  included in the review includes studies which took place at different points in time relative to
454  published guidelines. Additionally, researchers themselves may have had different baseline
455  assumptions for what constitutes appropriate management of LVD.

456


http://dx.doi.org/10.20944/preprints201803.0131.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 16 March 2018 d0i:10.20944/preprints201803.0131.v1

457 5. Conclusions

458 Evidence regarding the role of vitamin D in prevention and treatment of non-skeletal conditions
459  continues to evolve. The impact of vitamin D screening for asymptomatic or low risk patients is
460  unknown. Nevertheless, physician practice, as demonstrated in a variety of studies, is widely
461  inconsistent, and includes many examples of non-indicated testing and overutilization. Clinical
462  practice has surpassed available supporting evidence. Broad variability in physicians’” knowledge,
463  attitudes, and behaviors related to vitamin D testing are reflective of the landscape of uncertainty in
464  research findings, recommendations, and guidelines. Future research is needed to inform better
465  clinical guidelines in this area, and to assess implementation practices that will encourage evidence-
466  based management practices for LVD in adult populations. Moreover, greater understanding of
467  physician management of uncertainty in clinical practice may help avoid overutilization and
468  inconsistent practice in similar clinical situations.
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