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Introduction

Vitamin D deficiency is a global health issue, designated in

Abstract

Background: Itis estimated that over 1/3 of the world’s population and 18%
of the US population is deficient in vitamin D. Currently, Healthcare Practitioners’
(HCPs) vitamin D testing and recommending beliefs and behaviors are poorly
understood. This study aims to evaluate beliefs and practice regarding vitamin
D among U.S. HCPs with an interest in nutrition, specifically assessing impact
of Integrative Medicine (IM) fellowship training on these practice beliefs and
behaviors.

Methods: An Internet-based 62-item survey was electronically provided
to HCPs identified through the Andrew Weil Center for Integrative Medicine
database that includes non-Fellows and Fellows of IM.

Results: Of 3,984 recipients of the survey, a total of 361 (9.1%) completed
the survey. Of respondents, 221 (61.2%) completed an IM Fellowship. The
vast majority of respondents (332, 93.5%) believe that vitamin D deficiency
is widespread and affects the majority of the population. Three of four HCPs
indicate that vitamin D status can be accurately assessed by measuring serum
25-hydroxyvitamin D (262; 74%), and that vitamin D supplementation improves
overall health of patients (277; 77.4%). Most respondents, especially those with
fellowship training in integrative medicine, both test and recommend vitamin D3
(cholecalciferol) for various chronic conditions and in at-risk populations.

Conclusions: There is widespread understanding of the role of vitamin D
in health maintenance and in specific health conditions. Overall, primary care,
physician-level training, length of time in practice, and IM fellowship training
are the most significant predictors of beliefs and practices regarding vitamin D.

Keywords: Dietary supplements; Integrative medicine; Risk assessment;
Surveys and questionnaires; Vitamin D; Vitamin D deficiency

have changed significantly since the 2011 Institute of Medicine
(IOM) recommendations increased the safe upper limit of vitamin
D3 supplementation for people over 9y, from 2000IU (50mcg) to
4000IU (100mcg) daily [7]. This recommendation was largely based
on evidence supporting the benefits of vitamin D for bone health and
fracture risk reduction [8,9,10]. Vitamin D, a fat-soluble vitamin, has
hormone-like pleotropic effects [11], influencing mineral homeostasis

the US as a “nutrient of public health concern,” by the 2015 U.S.
Dietary Guidelines [1]. In the US, 40% of the population has a
blood concentration of 25-hydroxyvitamin D (25(OH)D) less than
30ng/mL indicating Vitamin D insufficiency [2]. Data from the
2014 NHANES report found that 18% of the U.S. population over
the age of 1 year of age had 25(OH)D levels less than 20ng/mL and
5% had levels below 12 ng/mL [3]. Widespread use of sunscreens,
reduced time spent outdoors, and diets with minimal consumption
of vitamin-D rich foods contribute to vitamin D deficiency and
insufficiency in the general population. Vitamin D deficiency is
more common in individuals with dark skin pigmentation, young
children (especially under age 2y), obesity, the elderly (over 70y), and
institutionalized individuals [4,5,6]. Trends in vitamin D prescribing

and bone metabolism [12], cell proliferation [13], immunity [14],
adiposity [15], and inflammatory responses [16]. There appears to
be no association between vitamin D status or supplementation and
all-cause mortality [17], or cardiovascular events [18,19], Vitamin D
supplementation has been associated with a 16% reduced risk of cancer
death [20], While a cancer preventive effect is not yet established
[21,22]. Vitamin D status may be inversely correlated with depression
risk [23], although supplementation does not appear to attenuate the
risk of depression [24]. Vitamin D deficiency may be associated with
autoimmune disease severity [25]. Vitamin D deficiency is 35% higher
in obese individuals, 24% higher in overweight individuals [26], and
is implicated in poor glycemic control in people with type 2 diabetes
[27] and metabolic syndrome [28]. Major medical societies have
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issued guidelines regarding testing and supplementation of vitamin
D. In 2011, the IOM established a recommended daily allowance
of 600IU (15mcg) vitamin D3, needed to sustain serum 25(OH)D
above 20ng/mL (50nmol/L) and 4000IU (100mcg) per day as the
safe UL for vitamin D intake [29]. This estimate has been criticized
as insufficient due to various methodological errors used in the IOM
analysis [30]. The American Academy of Family Physicians (AAFP)
guidelines recommend against routine screening, citing variability
in the sensitivity and reliability of vitamin D testing. The AAFP
guidelines recommend against vitamin D supplementation in the
general population noting lack of clinical trial evidence documenting
that correction of vitamin D deficiency results in a reduced risk of
cancer, mortaility diabetes type 2, or fractures in high-risk individuals
[31]. The 2021 US Preventive Services Task Force recommendation
is that there is insufficient evidence to determine the benefits and
harms of screening for vitamin D deficiency in asymptomatic adults
[32]. In contrast, the US Endocrine Society recommends vitamin
D screening in individuals at risk and supplementation for those
deficient in vitamin D (serum 25(OH)D </= 20ng/mL) and those
with insufficient vitamin D (serum 25(OH)D between 21-29ng/mL)
in order to achieve vitamin D sufficiency at 30ng/mL (75nmol/L). The
US Endocrine Society sets the safe UL as 4000IU (100mcg) daily for
children and 10,000IU (250mcg) daily for adults [33]. Underlying the
divergence of these guidelines are challenges with vitamin D testing
and the establishment of vitamin D cutoff values. There is established
inaccuracy (10-15% coefficient of variation and bias as high as 30%)
in vitamin D assays that rely upon immunoassay methodology [34].
Alternatively, LC-MS/MS testing may provide greater accuracy, but
utilizes complex methodology, is also subject to error [35]. There
is also concern that the serum 25(OH)D level does not necessarily
correlate with tissue stores, is not the most accurate measure of
vitamin D in individuals with dark skin pigmentation, nor represents
levels sufficient for optimal physiology. Finally, there appears to be a
U-shaped curve related to vitamin D with both lower and higher levels
associated with increased risks of cardiovascular disease, vascular
calcification, falls, frailty, and all-cause mortality [36,37]. Despite the
presence of guidelines regarding vitamin D testing and prescribing,
and likely due to confusion between guidelines, surveys suggest that
vitamin D testing and recommending practices among physicians
are inconsistent [38,39], There are limited surveys for vitamin D
recommending practices and none exist among physicians with
fellowship level training in Integrative Medicine (FIM), presumably
a group highly aware of the evidence regarding vitamin D testing and
supplementation.

Materials and Methods

This study set out to determine most common beliefs and testing
and recommending practices regarding vitamin D and among
healthcare practitioners with an interest in nutrition. The impact
of integrative medicine training will be assessed by comparing
respondents who have completed an IM fellowship to respondents
who have expressed interest in IM fellowships, but have not enrolled
in such. The predictive value of other factors, namely practitioner
type, time in practice and the nature of practice on vitamin D beliefs
and practices will also be assessed.

Questionnaire

This cross-sectional study was based on results from an Internet-

based 62-item survey (see Table 2) developed by study investigators
and reviewed by Center faculty. The survey included 5 sections:
practice beliefs, practice behaviors, testing and recommending
practices for specific diseases, and frequency of recommending
common vitamin D dosages. Background characteristics (credentials,
years in practice, practice type, community setting, and age) were
also obtained. The practice belief scale included 8 items regarding
the prevalence and criteria of vitamin deficiency, accuracy of testing,
impact of vitamin D on bone density, premature mortality, and
risks of high vitamin D levels. The practice behaviors scale included
11 items related to general testing, indications for recommending
vitamin D, monitoring vitamin D recommendations, and type of
vitamin D recommendations. All items were answered with Yes, No
or I Don’t Know.

Participants

The survey was electronically provided through Qualtrics to
non-Fellows and Fellows of Integrative Medicine (FIM) practitioners
identified through the University of Arizona Andrew Weil Center
for Integrative Medicine (AWCIM) database. Participants were
offered $175 towards an AWCIM online educational offering upon
completion of the survey. Enrollment goals were 200 FIM alumni
and 100 HCPs who had not started the IM fellowship curriculum or
had not yet progressed to curriculum containing information about
nutrition and dietary supplements. All responses were de identified
for analysis.

Statistical analysis

Descriptive statistics are presented for all survey items. Chi-
square tests were conducted to examine differences in practice
characteristics between the IM-trained vs. non-IM trained groups.
To investigate the associations between IM-training and practice
belief/behaviors, multinomial logistic regression models were used to
predict practice beliefs and behaviors items. The response category
‘yes’ was used as the reference category for each question and the
response categories “no” and “don’t know” were analyzed against the
reference. The relevant predictors included in the models were MD
credential, 15 years in medical practice, primary care, solo practice,
and academic as the covariates to be controlled for, in addition to the
main predictor of interest-IM trained vs. non-IM trained groups. Age
was not included as it was strongly correlated with years in practice.
Analyses were conducted using IBM'SPSS’ Statistics Desktop V26.0
(Armonk, New York).

Results

Sample

Out of 3,984, a total of 361 (9.1%) completed the survey.
Survey participant characteristics are presented in Table 1. Practice
Characteristics by IM trained vs. non-IM trained. Statistically
significant differences indicated FIM trained respondents were more
likely to have MD/DO credentials (86% vs. 72%), be in practice over
15 years (62% vs. 44%), be a solo practitioner (28% vs. 13%), be over 50
years old (52% vs. 31%), and less likely to practice in academic settings
(19% vs. 26%). There was a trend (p=0.054) for FIM respondents to be
in primary care practice (65% vs. 55%).

Practice beliefs, practice behaviors, and dosing

The practice beliefs and behaviors of all participants is summarized
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Table 1: Practice Characteristics by IM trained vs. non-IM trained.

Not completed IM Training N=140 IM Trained N=221
Characteristic Sig
N % N % N %
Credentials 0.002
MD/DO 101 2% 190 86% 291 81%
Other non-MD/DO 39 28% 31 14% 70 19%
Years in Practice 0.001
Less than 15 years 79 56% 83 38% 162 45%
over 15 years 61 44% 137 62% 198 55%
Current practice type*
Hospital 36 26% 44 20% 80 22% 0.196
Multi-practitioner Clinic 82 59% 112 51% 194 54% 0.143
Solo Practitioner 18 13% 62 28% 80 22% <0.001
Academic 35 25% 34 15% 69 19% 0.024
Do not have a clinical practice 5 4% 11 5% 16 4% 0.527
Type of community served*
Rural 40 29% 71 32% 111 31% 0.476
Urban 98 70% 151 68% 249 69% 0.738
Underserved 44 31% 62 28% 106 29% 0.493
Concierge 12 9% 19 9% 31 9% 0.993
Pediatric only 18 13% 16 7% 34 9% 0.075
Geriatric only 0 0% 1 0% 1 0% 0.425
Age 0.001
Under 30 9 6.50% 0 0.00% 9 3%
30-50 86 62.30% 105 47.70% 191 53%
Over 50 43 31.20% 115 52.30% 158 44%
Primary Care 0.054
Specialist includes Pediatrics 63 45% 7 35% 140 39%
Primary Care 7 55% 144 65% 221 61%

in Table 2. Practice Belief & Practice Frequencies. The vast majority of
respondents believe that vitamin D deficiency is widespread, affecting
the majority of the population (n=332; 93.5%), that vitamin D status
can be accurately assessed by measuring serum 25(OH)D (n=262;
74%), and that vitamin D supplementation improves the overall
health of patients (n=277; 77.4%). HCPs recognize that serum 25(OH)
D less than 20ng/mL (50nmol/L) is indicative of vitamin D deficiency
(n=318; 90.1%); however, 239 (67.5%) also indicated that serum
25(OH)D less than 30ng/mL (75nmol/L) is indicative of deficiency.
More than half (n=210; 59.3%) feel that vitamin D supplementation
lowers the risk of premature mortality and only 65 (18.5%) feel that
serum vitamin D levels greater than 50 ng/mL (50nmol/L) may have
adverse health effects.

Predictors of practice beliefs and practice behaviors

To investigate the relationship between various participant
characteristics and practice belief and behavior items, a multinomial
logistic regression analysis was performed. This analysis determined
the predictive value of being FIM trained, being a physician (MD
or DO), having at least 15 years in practice, being in primary care
practice, solo practice or being in an academic setting. This data is

summarized in Table 3. Detailed Multinomial Logistic Regression
Results for Practice Belief and Table 4. Detailed Multinomial
Logistic Regression Results for Practice Behavior. Only a portion of
practice beliefs had significant predictors. The belief that vitamin D
supplementation is only effective for improving bone density when
supplemented along with calcium was negatively associated with
FIM training. FIM trained practitioners were most likely to disagree
with this belief [OR for Yes vs. No, 0.54 (p-value=0.014)]. There
was a trend of disagreement with this belief among primary care
physicians [OR for Yes vs. No, 0.88 (p-value=0.60)]. The belief that
vitamin D supplementation lowers the risk of premature mortality
was negatively correlated with being a physician (MD/DO), with
physicians more likely to say no to this belief [OR for Yes vs. No, 0.32
(p-value=0.026)]. Also, being in primary care practice predicted a no
answer to this belief [OR for Yes vs. No, 0.38 (p-value = 0.006)]. Being
in practice for at least 15 years predicted agreement with this belief
compared to not knowing [OR for Yes vs. No, 2.22 (p-value = 0.003)].
Agreement with the belief that a serum level of 25(OH)D greater than
50ng/mL (125nmol/L) may have adverse health effects was predicted
by FIM training [OR for Yes vs. No, 2.17 (p-value=0.032)].
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Table 2: Practice Belief & Practice Frequencies.

Practice Beliefs Response N %
Yes 332 93.50%
Vitamin D deficiency is widespread, affecting the majority of the population No 14 3.90%
Don't Know 9 2.50%
Yes 262 74.00%
Vitamin D status is accurately assessed by measuring serum 25(OH) vitamin D level No 62 17.50%
Don't Know 30 8.50%
Yes 70 19.90%
Monotherapy with Vitamin D is effective for improving bone density No 246 70.10%
Don't Know 35 10.00%
Yes 128 36.30%
Vltamln‘D supplementatlon is only effective for improving bone density when supplemented No 189 53.50%
along with calcium
Don't Know 36 10.20%
Yes 210 59.30%
Vitamin D supplementation lowers the risk of premature mortality No 57 16.10%
Don't Know 87 24.60%
Yes 239 67.50%
A serum 25(OH)D level of less than 30ng/mL (75nmol/L) is indicative of vitamin D deficiency No 102 28.80%
Don't Know 13 3.70%
Yes 318 90.10%
A serum 25(OH)D level less than 20ng/mL (50nmol/L) is indicative of vitamin D deficiency No 22 6.20%
Don't Know 13 3.70%
Yes 65 18.50%
A serum 25(OH)D level greater than 50ng/mL (125nmol/L) may have adverse effects °
including: increased risks of cardiovascular disease, vascular calcification, falls, frailty, and No 204 58.00%
all-cause mortality
Don't Know 83 23.60%
Practice Behavior Response N %
Yes 182 50.80%
| routinely test almost all of my patients for serum 25(OH) vitamin D No 172 48.00%
Don't Know 4 1.10%
Yes 58 16.40%
| almost never test my patients for serum 25(OH) vitamin D No 291 82.40%
Don't Know 4 1.10%
Yes 235 65.80%
I routinely tes.t serum 25(OH)D before prescribing/recommending vitamin D No 114 31.90%
supplementation
Don't Know 8 2.20%
Yes 156 43.60%
| prescribe/recommend vitamin D oral supplementation routinely to all of my patients No 199 55.60%
Don't Know 3 0.80%
Yes 160 44.80%
I.pre.scnbe/recommend vngmm D oral supplementation only to patients who are deficient in No 190 53.20%
vitamin D by laboratory testing
Don't Know 7 2.00%
Yes 187 52.50%
| routinely prescribe/recommend vitamin D oral supplementation to patients with a history of
: ) ) I No 135 37.90%
osteoporosis or osteopenia regardless of their serum vitamin D level
Don't Know 34 9.60%
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Yes 277 77.40%
Vitamin D supplementation improves the overall health of my patients No 23 6.40%
Don't Know 58 16.20%
Yes 121 34.20%
| follow my medical society vitamin D testing and prescribing guidelines No 176 49.70%
Don't Know 57 16.10%
Yes 280 78.90%
When prescribing/recommending oral vitamin D, | routinely adjust the prescribed/ No 67 18.90%
recommended dose based on the results of serum 25(0OH)D testing ’
Don't Know 8 2.30%
Yes 171 48.00%
When prescnb!ng/recommendmg vitamin D, | direct my patients to certain Brands based on No 178 50.00%
the known quality of those brands
Don't Know 7 2.00%
Yes 42 11.70%
The ot_Jt—of—pock_et patient expense of vitamin D supplements limits my willingness to No 304 84.90%
prescribe vitamin D
Don't Know 12 3.40%

Table 3: Detailed Multinomial Logistic Regression Results for Practice Beliefs.

Mlljltir?otr_nial Controlling variables p value
) ) ogistic ) )
Practice Belief ; ; ; Fellowship Alumni
FEQression | credential MD YN 15 years in medical Primary Care Practice| Solo Practice = Academic
results practice
likelihood ratio
Vitamin D tests p value 0.523 0.965 0.439 0.214 0.585
deficiency is Odds ratio (p
widespread, value) No vs. 1.51 (0.61) 1.06 (0.93) 0.49 (0.21) Notincluded | 113 (0:85) 0.62 (0.40)
affecting the Yes
majority of the Odds ratio (p
population value) Don't 0.46 (0.31) 1.20 (0.80) 0.84 (0.80) 3.63 (0.068) 0.63 (0.52)
know vs. Yes
likelihood ratio
Vitamin D status tests 0.66 0.037 0.280 0.610 0.720 0.058
is accurately Odds ratio (p
assessed by value) No vs. 1.38 (0.40) 1.31 (0.38) 1.40 (0.28) 0.72 (0.39) | 0.77 (0.49) 0.55 (0.052)
measuring serum Yes
25(0H) vitamin Odds ratio (p
D level value) Don't 0.91 (0.84) 0.40 (0.028) 0.67 (0.32) 0.75(0.59) | 0.78 (0.63) 0.51 (0.10)
know vs. Yes
"ke"'::;i ratio 0.900 0.160 0.150 0.500 0.690 0.270
it i b | 0% ato (o
; . value) No vs. 0.90 (0.78) 0.63 (0.11) 1.61 (0.091) 1.26 (0.49) | 1.10(0.79) 0.63 (0.14)
is effective for Yes
improving bone Odds ratio (p
density value) Don't 0.78 (0.64) 1.01 (0.98) 1.00 (1.00) 0.75(0.61) | 1.54 (0.40) 0.56 (0.20)
know vs. Yes
Vitamin D | likelihood ratio 0.303 0.286 0.086 0.321 0.05 0.007
supplementation tests
is only Odds ratio (p
effective for value) No vs. 1.51 (0.17) 1.19 (0.47) 1.14 (0.60) 1.32 (0.35) | 0.73(0.32) 1.86 (0.014)
improving bone Yes
density when 0Odds ratio (p
supplemented value) Don't 1.74 (0.28) 1.90 (0.12) 0.49 (0.069) 0.63(0.44) | 2.10 (0.083) 0.68 (0.34)
along with know vs. Yes
calcium*
"ke"rt‘ootd ratio 0.046 0.009 0.016 0.177 0.589 0.665
Vitamin D ests
supplementation Odds ratio (p
PP ! value) No vs. 3.12 (0.026) 0.65 (0.18) 2.64 (0.006) 0.753 (0.47) = 1.48 (0.30) 0.92 (0.81)
lowers the risk Yes
of prema_\tu’re 0Odds ratio (p
mortality value) Don't 1.14 (0.70) 0.45 (0.003) 1.20 (0.50) 0.53(0.075) | 1.12(0.73) 1.24 (0.44)
know vs. Yes
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A serum 25(0H) "ke"Tootd ratio 0.298 0.749 0.159 0.013 0.569 0.645
D level of less ests
than 30na/ Odds ratio (p
9 value) No vs. 0.63 (0.12) 1.05 (0.86) 1.49 (0.12) 0.43 (0.012) | 1.26 (0.44) 0.87 (0.58)
mL (75nmol/L) Yes
'S; |nd|c§t|ve Odds ratio (p
of vitamin D value) Don't 0.79 (0.74) 0.66 (0.48) 0.59 (0.37) 0.25(0.19) = 0.63 (0.56) 0.61 (0.41)
deficiency know vs. Yes
A serum 25(0H) | kelihood ratio 0.972 0.593 0.461 0.415 0.276 0.315
D level less tests
than 20ng/ Odds ratio (p
mL (50nmol/L) valu?er:o Vs. 1.14 (0.82) 0.72 (0.47) 0.60 (0.26) 1.85(0.22) | 0.62(0.47) 0.57 (0.23)
is |nd|c§tlve Odds ratio (p
of vitamin D value) Don't 0.96 (0.96) 0.64 (0.44) 0.69 (0.53) 0.69 (0.64) = 0.27 (0.22) 0.55 (0.31)
deficiency know vs. Yes
A serum 25(0OH) | likelihood ratio 0.410 0.180 0.092 0.071 0.320 0.010
D level greater tests
than 50ng/mL Odds ratio (p
(125nmol/L) may | value) No vs. 1.59 (0.19) 1.26 (0.44) 0.85 (0.61) 1.01(0.98) | 0.58 (0.13) 1.06 (0.85)
have adverse Yes
effects including:
increased risks
of cardiovascular 0Odds ratio (p
disease, vascular| \y,e) pon't 1.56(0.29) 0.76 (0.43) 0.50 (0.053) 0.43(0.076) | 0.62 (0.25) 0.46 (0.032)
calclflcat_lon, Know vs. Yes
falls, frailty,
and all-cause
mortality”
"Multinomial model significant, p < 0.05
Some predictors were not included to avoid the unexpected singularity problem.
Table 4: Detailed Multinomial Logistic Regression Results for Practice Behavior.
. ; Multinomial logistic regression Controlling variables p value Fellowship
Practice Behavior results Credential MD | 15 years in medical Primary Care Solo - Alumni
. ’ . Academic
YN practice Practice Practice
I routinely test almost likelihood ratio tests 0.002 0.083 <0.001 0.01
all of my patients for | 5yqs ratio (p value) No vs. Yes 2.1 (0.013 i 0.69 (0.10 0.28 (< Not 0.50
serum 25(OH) vitamin i ® ) . ( ) Not included (010) 0.001) included (0.004)
D Odds ratio (p value) Don'tknow | ioq ) 471 0.16 (0.13) 1.75 (0.67) 0.28 (0.31)
vs. Yes
likelihood ratio tests 0.053 0.149 0.391 0.299 0.155
I almost never test
my patients for serum = Odds ratio (p value) No vs. Yes 0.80 (0.56) Not included 1.45 (0.21) 1.56 (0.29) | 0.59 (0.12) 1.69 (0.08)
25(0OH) vitamin D" i '
(OH) Odds ratio (’\Jls"a\'(i? Dontknow |, 555 (0.028) 0.25 (0.28) 453 (0.27) | 0.93 (0.96) 0.59 (0.68)
I routinely test likelihood ratio tests 0.580 0.014 0.005 0.382 0.48 0.905
serum 25(OH)D
before prescribing/ | Odds ratio (p value) No vs. Yes 1.17 (0.61) 1.15 (0.57) 0.83 (0.43) 0.67 (0.18) | 1.27 (0.40) 1.05 (0.85)
recommending Odds rati lue) Don't k
vitamin D s ratio (p VaY“e) OMLKNOW 1 4 49 (0.38) 0.086 (0.025) 0.062 (0.011)  0.63(0.69) | 0.44 (0.47) | 0.74 (0.70)
supplementation” vs. Yes
I prescribe/recommend likelihood ratio tests 0.065 0.518 0.849 0.328
vitamin D oral -
supplementation Odds ratio (p value) No vs. Yes 1.57 (0.11) Not included 1.17 (0.47) Not included | 1.06 (0.83) | 0.72 (0.16)
routinely to all of my | Odds ratio (p value) Don't know
patients Vs, Yes 0.16 (0.15) 0.36 (0.43) 2.09 (0.57)  0.49 (0.58)
I prescribe/recommend likelihood ratio tests 0.246 0.167 0.140 0.851 0.934
vitamin D oral
supplementation only | Odds ratio (p value) No vs. Yes 0.64 (0.11) 1.26 (0.30) 0.90 (0.65) 0.87 (0.60) Not 1.01 (0.98)
to patients who are Odds rati lue) Don't k included
deficient in vitamin D by s ratio (p "aY“e) ONLXNOW 4 52 (0.47) 0.31(0.18) 0.20 (0.063) | 0.73 (0.78) 0.72 (0.74)
laboratory testing vs. Yes
I routinely prescribe/ likelihood ratio tests 0.690 0.993 <0.001 0.863 0.182 0.271
recommend
vitamin D oral Odds ratio (p value) No vs. Yes | 1.19 (0.56) 1.01 (0.97) 0.51 (0.006) 1.16 (0.60) | 1.61 (0.12)  1.39 (0.20)
supplementation to
patients with a history
of osteoporosis or Odds ratio (p value) Don't know
osteopenia regardless Vs, Yes 0.79 (0.65) 1.05 (0.90) 0.023 (<0.001) | 1.00 (0.99) | 2.04 (0.15)  0.79 (0.59)
of their serum vitamin
D level
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Vitamin D likelihood ratio tests 0.095 0.077 0.340 0.191 0.259 0.814
_ supplementation ' 54qs ratio (p value) Novs. Yes | 5.86 (0.09) 1.13 (0.80) 2.03 (0.16) 0.31(0.12) ' 1.75(0.27) | 1.12(0.82)
improves the overall Odds rati lue) Don't k
health of my patients’ s ratio (‘\’I;’aY‘;? ontknow 9 12 (0.76) 0.51 (0.029) 1.11 (0.73) 0.78(0.52) 1.63(0.16) 0.84 (0.57)
I follow my likelihood ratio tests 0.054 0.011 0.952 0.05 0.172 0.114
medical society 1.70
vitamin D testing Odds ratio (p value) No vs. Yes | 1.88 (0.052) 2.12 (0.003) 1.09 (0.75) 2.10 (0.022)  0.95 (0.86) (0.'0 46)
and prescribing ] D
guidelines’ Odds ratio (’\’Is"_a\'(‘;? Dontknow | o5 (0.61) 1.26 (0.50) 1.05 (0.88) 1.25(0.63) | 1.86 (0.10) 1.11(0.77)
When prescribing/ likelihood ratio tests 0.976 0.011 0.843 0.022
recommending oral 056
vitamin D, | routinely | Odds ratio (p value) No vs. Yes = 1.07 (0.84) 0.47 (0.006) 1.20(060) | 5 0499
adjust the prescribed/ Not included Not included
recommended dose dd . | K
based on the results = ©Qdds ratio (p value) Don't know 0.94 (0.95) 0.35 (0.16) 1.31 (0.75) 0.20
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Figure 1: Dosing Recommendations.

In terms of practice behaviors, routinely testing all patients for
serum 25(OH)D was inversely associated with being a physician
(MD/DO) (OR for Yes vs. No, 0.47 (p-value=0.013)], but positively
associated with being in solo practice [OR for Yes vs. No, 3.57
(p-value <0.001)] and FIM training [OR for Yes vs. No, 2.00
(p-value=0.004)]. Similarly, almost never testing patients for serum
25(OH)D levels was positively predicted by being a physician (MD/
DO) [OR for Yes vs. Don’t know, 17.24 (p-value=0.028) with a trend
for OR Yes vs. No, 1.25 (p-value 0.56)]. Being in primary care practice

predicted recommending vitamin D supplementation to patients
with a history of osteoporosis or osteopenia regardless of serum
vitamin D level [OR for Yes vs. No, 1.96 (p-value=0.006) and OR
for Yes vs. Don’t know, 43.48 (p-value <0.001)]. There were several
predictors related to following medical society vitamin D testing
and prescribing guidelines. Being in practice for at least 15 years was
associated with a 53% odds of not following guidelines [OR for Yes
vs. No, 0.47 (p-value=0.003)], being in solo practice was associated
with a 52% odds of not following guidelines [OR Yes vs. No, 0.48
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Figure 2: Routine Recommendations per Conditions.
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(p-value=0.022)], and FIM training was associated with a 41% odds
of not following guidelines [OR Yes vs. No, 0.59 (p-value=0.046)].
Routine adjustment of supplemented vitamin D based on the results
of serum 25(OH)D testing was strongly predicted by being in a
primary care practice [OR Yes vs. No, 2.13 (p-value=0.006)] and
by FIM training [OR Yes vs. No, 1.79 (p-value =0.042)]. Directing
patients to certain Brands of supplemental vitamin D was predicted by
being in primary care practice [OR Yes vs. No, 3.23 (p-value <0.001)]
and FIM training [OR Yes vs. No, 2.27 (p-value <0.001)] while being
a physician (MD/DO) and having at least 15 years of practice were
negatively associated with Brand-specific recommendations [OR Yes
vs. No, 0.47 (p-value=0.012) and OR Yes vs. No, 0.56 (p-value 0.017)
respectively]. The remaining practice beliefs and behaviors were not
predicted by any of the variables.

Dosing

Oral dosing recommendations for Vitamin D, are presented in
Figure 1. Dosing Recommendations which also compares differences
in relation to FIM training. The daily dose most likely to be
recommended is 2000IU (50mcg), with the majority of FIM trained
providers selected this as their typical dose. More FIM practitioners
recommend vitamin D, in doses greater than 800IU (50mcg) whereas
non-FIM trained practitioners are slightly more likely to recommend
doses lower than 800IU (50mcg). Most indicated out-of-pocket
expense did not limit their willingness to recommend Vitamin D
(84.9%). Participants were additionally surveyed about conditions for
which oral vitamin D, can be recommended (see Figure 2. Routine
Recommendations per Condition). FIM-trained practitioners were
consistently more likely to recommend vitamin D for the health
conditions, than to not recommend or to respond with “Don’t know”.
This pattern of responses held true across conditions including more
well-known indications for vitamin D such as osteoporosis as well
as lesser known indications such as mood disorders and metabolic
syndrome. The survey also asked participants to indicate whether they
routinely tested serum 25-hydroxy-vitamin D levels in patients for
those same conditions (see Figure 3. Routinely Test per Condition).
Consistent with recommended practices, these results indicate that
FIM training results in more routine testing for vitamin D in patients
with a variety of health conditions.

Discussion

In light of increased research and interest in vitamin
D, it’s important to understand what influences vitamin D
recommendations, especially among HCPs and those with extra
training in nutrition, namely those FIM trained HCPs. This is
notable given that the majority of participants do not follow their
medical society guidelines when testing and prescribing vitamin D,
particularly those longest in practice and with FIM training. The
association of vitamin D deficiency with premature mortality is not
endorsed by physicians or primary care providers, although there was
a trend towards agreement with this association among FIM-trained
practitioners, those in solo practice and those in practice over 15
years. These divergent beliefs are consistent with a contradictory body
of research. A systematic review and meta-analysis published in the
July 2019 issue of the British Medical Journal by Zhang Y, et al., which
included 52 trials representing 75,454 participants, found that vitamin
D supplementation (at varying levels) was not associated with all-
cause mortality, however it was associated with a 16% reduced risk of

death from cancer. The observed lack of benefit on all-cause mortality
is in contrast to an earlier 2014 Cochrane review which concluded
that vitamin D, supplementation was associated with a 6% reduction
in overall mortality, with number needed to prevent one death equal
to 150 people treated[ 41]. The vast majority of participants believe
that the majority of the population have vitamin D deficiency.
This is in contrast to the actual prevalence of vitamin D deficiency
estimated to be 37% of the world’s population and even less in the US
population [42]. This discrepancy may be explained by the fact that
healthcare practitioners encounter a variety of conditions on a daily
basis for which the identification of multiple contributing factors is
an important component of management. Practitioners are likely to
be familiar with the role of vitamin D in diverse health conditions
given the large volume of studies on this topic, thus making vitamin
D deficiency a common consideration. Most respondents understand
vitamin D deficiency to be serum 25(OH)D < 20 ng/mL (50nmol/L);
2/3 of respondents also identified <30 ng/mL (75nmol/L) as being
deficient. This confusion is most likely the result of the oft reported
cut-off of 30 ng/mL to achieve desired outcomes [43,44]. This has led
to the concept of vitamin D insufficiency, as opposed to deficiency.
Vitamin D insufficiency is considered actionable by many HCPs and
most often results in a vitamin D recommendation, as suggested in
the survey; commonly 2000IU vitamin D, orally. Those with FIM
training are most likely to routinely test patients, across multiple
conditions, for vitamin D status and to use testing to adjust vitamin
D dosing recommendations. This is consistent with the precept of
personalized medicine that is found in integrative medicine training.
When recommending oral vitamin D,, FIM-trained practitioners
as well as primary care practitioners are most likely to direct their
patients to specific Brands. This suggests an awareness on the part of
these practitioners of the influence of dietary supplement quality on
the efficacy of vitamin D supplementation. FIM training and primary
care practice were each negatively associated with the belief that
vitamin D was only effective for improving bone density when used
in combination with calcium. This suggests a high reliance on vitamin
D for bone strengthening despite published data that suggests the
combination of calcium and vitamin D are necessary. The evidence
continues to grow that vitamin D supplementation, as a monotherapy,
is not an evidence-based recommendation for preservation of bone
density or for reducing fractures in non-osteoporotic older individuals
with sufficient serum vitamin D [45]. Importantly, there is ample
clinical evidence that supports the use of supplemental vitamin D with
calcium, especially in older individuals who are insufficient in vitamin
D (serum 25(OH) vitamin D lower than 30 nmol/L) to lower fracture
risk [46,47,48]. Two conditions included in the survey, osteoarthritis
and benign skin disease, are not associated with vitamin D deficiency
or remediation with supplementation. These were included to test the
discriminatory ability of the respondents. More than half of the FIM
trained respondents routinely test and recommend vitamin D levels
for these conditions in contrast to non-FIM trained practitioners.
This could reflect a bias towards using vitamin D indiscriminately,
however it may be explained by vitamin D being associated with pain
reduction, which typically accompanies osteoarthritis and reduced
inflammation which may underlie even benign skin conditions.

Limitations

The main study limitation is the lack of generalizability to all
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primary care HCPs. The self-selection bias of this group, HCPs
who show an interest in IM, are more likely to be open to the idea
of nutrition and vitamin D supplementation as beneficial. Another
limitation is the heterogeneity in the FIM trained group compared
to the non-FIM trained group. The FIM trained group were longer
in practice, in solo practice and primary care, and there were more
MD/DOs. However, the multinomial regression analysis was able to
separate the influence of these characteristics on vitamin D beliefs
and practices. Several study features are the primary strengths of this
study, namely the availability of comparison groups: FIM vs. non-
FIM, using multinomial regression to explore ‘don’t know’ answers
regarding beliefs and behaviors in vitamin D clinical practices,
and an adequate sample size in this high work-load population.
Furthermore, this survey highlights the practice beliefs and patterns
regarding vitamin D among a group of practitioners with extensive
education in the safety and efficacy of prescribing supplements, as
well as drug/nutrient interactions. These findings reliably identify
vitamin D testing and recommending behaviors associated with
increased awareness and training in this area. Given the significant
amount of research on health impacts of vitamin D and the public
health importance of adequacy, this survey demonstrates that HCPs
believe that vitamin D deficiency is widespread, that testing 25(OH)D
is an accurate way to assess vitamin D status and that recommending
vitamin D is indicated in a variety of conditions. The favorable
impression of the role of vitamin D in health optimization overall is
evident.

Conclusion

This survey found that most HCPs routinely test and recommend
vitamin D for their patients. Additionally, most HCPs test 25(OH)
D levels and recommend vitamin D, for diseases that are influenced
by vitamin D status. The majority of HCPs rely on serum 25(OH)D
levels as a reliable method to assess for vitamin D status. IM trained
HCPs are more likely to test and recommend vitamin D, for diseases
associated with known vitamin D deficiency. Vitamin D insufficiency
is considered actionable by many HCPs and most often results in a
vitamin D recommendation, as suggested in the survey; commonly
2000IU vitamin D, orally. Whether, and how, adherence to society
guidelines would affect these beliefs and practices is hard to determine
given the divergence between guidelines, and the conflictual
literature upon which these guidelines are based. In light of this,
practitioners must rely upon their own interpretation of the body of
data on vitamin D. This data is voluminous precluding careful and
comprehensive scrutiny by actively practicing practitioners. Thus,
additional nutritional and integrative medicine training is one way to
familiarize practitioners with this body of data. More instruction at all
levels of education needs to be prioritized given the numerous health
issues associated with vitamin D status.
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