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TABLE OF ABBREVIATIONS

VDBP Vitamin D binding protein
CYP2R1 Cytochrome - P450 2R1

25 (OH), D, 1,25-dihydrexyvitamin Ds
CYP27B1 Cytochrome P450 27B1

GC Group-specific component

9] International unit

Cs Free (WUnbound) concentration
Cp Bound ‘concentration

Ciot Total concentration

fy Unbound fraction

fi Bound fraction

FEV, Forced expiratory volume in 1 second

Introduction




Vitamin D (vitamin D, and vitamin D3) derived from sunlight exposure, diet or
supplementation are converted to vitamin D, (calciferol) and vitamin D3 (cholecalciferol)
(25 (OH) D3) by vitamin D-25 hydroxylase (CYP2R1) in the liver, and subsequently
converted to the biologically active 1,25-dihydroxyvitamin D, and 1,25-dihydroxyvitamin
D3 (25 (OH), D3) by CYP27B1 in the kidney and other tissue'?. Circulating total
concentrations of vitamin D3 but not concentrations of active 1,25-dihydroxyvitamin D3
are used to define vitamin D status in part because of differences.in total
concentrations and half-life between the two metabolites. For the skeletal actions of
vitamin D serum concentrations of vitamin D3 = 30 ng/mldefines vitamin D sufficiency
whereas concentrations < 30 ng/ml are insufficient andlevels < 20 ng/ml are deficient
13 Guidelines recommend higher serum concentrations for the extra-skeletal,
pleiotropic actions of vitamin D in the rangé of 30-50 ng/ml>. However, the use of serum
concentrations of vitamin D3 as a biomarker of vitamin D status has been questioned

owing to uncertainties in methods of measuring total concentrations of vitamin Ds".

Serum concentrations of vitamin D3 are tightly bound (~85%) to vitamin D binding
protein (VDBP) and Joosely bound to albumin (~15%) with < 1% in the unbound or free
form . The rolé VDBP"plays in promoting bone health and in regulating extra-skeletal
function is controversial. Vitamin D3 bound to VDBP can bind to megalin, a
transmembrane receptor located in the kidney and other tissue, undergo internalization
through endocytosis, and be metabolized tol1,25-dihydroxyvitamin D3 in proximal tubular
cells’. Alternatively, the free hormone hypothesis predicts that only free concentrations
of vitamin D3 diffuse across the cell membrane and undergo metabolism to 1,25-

dihydroxyvitamin D3 which activates the vitamin D receptor®®. Consequently free



vitamin D3 concentrations are considered better markers of vitamin D status than total
serum concentrations. Indeed several recent studies report that bone density and
markers of bone turnover, as well as atopy and lung function in children with asthma are
better correlated with bioavailable (free vitamin Dz + bound to albumin) or with
calculated or directly measured free vitamin D3 concentrations than to total vitamin D3
concentrations®*?,

The free hormone hypothesis also predicts that inter-patientvariability in VDBP
concentrations influence total concentrations and the unbound fraction of vitamin D3 in
serum and have little effect on free concentrations®®. Several factors including
diseases, pregnancy, obesity and genetic variation*?:**influence serum concentrations
of VDBP and therefore contribute to the variability in serum concentrations of vitamin
D;. Variation in the GC gene encodes different’ VDBP isoforms: GclF, GelS and Ge2,
which have different binding affinities fofvitamin D*°. Specific genetic variants in GC
show significant differences in allele frequencies between different ancestral
populations that may contribute to, lower VDBP concentrations and lower total vitamin
D3 concentrations in ethnicipopulations with a significant African ancestry (i.e. African
Americans and some Hispanic ethnic groups) compared to European Americans "8,

Hypoyitaminesis D has been associated with increased risk of asthma, reduced
lung function, increased airway responsiveness, asthma exacerbations and reduced
responsiveniess to glucocorticoids in children and adults with asthma’®?*. We published
a randomized, double-masked, placebo-controlled multi-center trial of vitamin D3

supplementation in vitamin Ds-insufficient participants (total serum vitamin D3

concentrations < 30 ng/ml) with persistent asthma taking inhaled corticosteroids®. The



objective of the VIDA Trial was to determine if vitamin D supplementation improves the
clinical efficacy of inhaled corticosteroids. We found that vitamin D supplementation did
not reduce the rates of first treatment failure or exacerbation. However, for those
participants who achieved vitamin D sufficiency, i.e., serum concentrations = 30 ng/mi
(82%) overall rates of treatment failure and exacerbations were lower compared,to
placebo, thus supporting the notion that vitamin D supplementation may improve the
efficacy of inhaled corticosteroids. The objective of the present VIDA analysis was to
determine associations between free vitamin Dz concentrations and treatment failure

while reducing ICS in VIDA participants.



Methods

Study Design. Details of the VIDA trial design are published®. Briefly, 408
vitamin D insufficient adults (serum levels < 30 ng/ml at baseline) with asthma were
randomly assigned to receive either placebo (N=207) or a single oral dose af vitamin
D3,100,000 IU followed by 4000 IU daily (Cholecalciferol, BioTech Pharmacal; N=201)
added to inhaled ciclesonide, 320 ug daily and levalbuterol as needed. This initial
phase of 12 weeks was followed by a reduction in the ciclesonide dose by 50% if the
participant's symptoms were well-controlled. Adherence to"dosing with ciclesonide and
vitamin D was monitored electronically as described?®. “Blood for vitamin Ds
determination was drawn from each participant at baseline and at 12 (visit 6), 20 (visit 8)
and 28 (visit 10) weeks after baseline. The present study explored associations
between free concentrations of vitamin -Dsand outcomes in 200 participants assigned to
receive active vitamin D3 supplement.. Free concentrations of vitamin D3z were not

measured in participants taking'placebo.

Quantification-of free vitamin D3 Concentrations and Binding to Serum Proteins.
Free or unbound concentrations (Cy) of vitamin D3 in serum were quantified by ELISA
(Free 250H Vitamin D ELISA; Future Diagnostic Solutions; DIAsource
ImmunoAssays®; Belgium) https://www.alpco.com/pdfs/38/38-KARF1991.pdf 22’
Total serum concentrations (Ci) of vitamin D3, which is the sum of C; + the
concentration bound to serum proteins (Cp), were quantified using the DiaSorin

LIAISON vitamin D assay as previously described®. The free fraction of vitamin D3 (f.)

in serum was calculated as: f,= Ci/Ci. The bound fraction of vitamin D3 in serum (fp) is



1-f, and the percent of vitamin D3 unbound and bound to serum proteins are f, * 100 and

fp, * 100, respectively. VDBP concentrations were not quantified in the VIDA study.

Outcome measures. Outcome measures in the present study included treatment
failure, which was defined as previously described and included changes in peak
expiratory flow, FEV 1 < 80% of baseline, increase in levalbuterol dose; addition of
inhaled corticosteroid or oral or parenteral corticosteroids, and emergency department
or hospitalization for asthma with corticosteroid use. Other outcomes included asthma
exacerbations which were defined as failure to respond to a’resecue.algorithm, and FEV,

<50% of baseline?.

Statistical Analyses. The relationship between-free and total concentrations of
vitamin D3 was evaluated with the Pearson correlation coefficient and corresponding
95% confidence interval. Analysis of variance,(ANOVA) was used to compare free,
total and the free fraction of vitamin=D3 between racial and ethnic groups, genders, and
BMI groups, as well as to caompare free levels and change in free levels between those
who achieved and did not.achieve vitamin D3 sufficiency as defined by change in total
concentrations after 12/weeks of supplementation. The association between free
concentrations.ofwitamin D3 and time to first treatment failure was evaluated with
Kaplan-Meier.survival curves and the logrank test. An additional analysis was
performed.to‘evaluate this association allowing for multiple events per person, which
was performed using Poisson regression with adjustment for clinical center, BMI, and
race, and reported in terms of event rate per person-year. Time to first exacerbation
and total exacerbations were analyzed according to the same approaches as treatment

failures. Statistical significance was determined as p<0.05.



Results

Baseline vitamin D3 concentrations and serum protein binding, The mean (SD)
Ct, Ciot and f, of vitamin D3 in serum at baseline were 4.73 (1.54) pg/ml, 19.4 (6.57)
ng/ml and 2.57 x 10 (8.0*1%®), respectively, indicating that on average 0:03% and
99.97% of vitamin D3 respectively, were free and bound to serum proteins' (VDBP and
albumin). Figure 1 shows that vitamin D3 C; and Cy are highly correlated (r = 0.77,
95%CI (0.71, 0.82)). Table 1 compares free vitamin D3 concentrations and serum
protein binding by race, sex and BMI. Compared to nen-Hispanic White participants Cs
of vitamin D3 was lower in African Americans and Hispanic participants. The f, of
vitamin D3 in serum varied among different races and shows that the binding of vitamin
D3 to serum proteins was higher among White.and Hispanic participants compared to
Black participants (Table 1). The.mean (SD) vitamin D3 C; and f, were higher in males
compared to females: 5.08 (1.41)vs/ 4.57 (1.58) pg/ml (p=0.026); and 2.82*10*
(1.04*10%) vs. 2.46*107%40.63*10°*) (p=0.003). In addition to race/ethnicity and gender,
body mass index influenced the C; of vitamin D3. The mean (SD) C; of vitamin D3 at
baseline in participants with BMI < 25 was 5.45 (1.86) pg/ml and was higher than those
with BML>.than 25, which was 4.54(1.39) pg/ml (p = 0.004). The inverse relationship
between BMI and C; at baseline is shown in Figure 2 (Rho =-0.3, 95% CI (-0.4, - 0.2); p

< 0.001).

Free vitamin D3 concentrations and binding to serum proteins after

supplementation. The C; of vitamin D3 increased from baseline and reached a plateau



in most participants by visit 6 (12 weeks) following the administration of loading and
maintenance doses of vitamin D3 (Figure 3). The mean (SD) C; increased from 4.73
(1.54) pg/ml at baseline to 10.4 (3.13), 11.1 (3.53) and 10.8 (3.37) pg/ml at visits 6, 8
(20 weeks) and 10 (28 weeks), respectively, representing fold-changes in C; of 2.2 - 2.3
over baseline. We focused our analyses on V6 (12 weeks after dose administration)
because C; and the change in C; at V6 were not different than those at V8 and V10,
thus following the same approach as in the original analyses®. There was substantial

variability in C;at baseline and at visits 6, 8 and 10 (Figure 3).

As previously reported 157 of 201 participants achieved-sufficiency (defined as
serum concentrations (Ci) = 30 ng/ml) following 12 weeks of vitamin D3 2°. Table 2
compares vitamin D3 Ct and binding betweenssufficient and insufficient participants.
The mean vitamin D3 C; at baseline and thexmean change in C; from baseline to 12
weeks of supplementation were lower in‘insufficient compared to sufficient participants,
which suggests that insufficient participants were relatively resistant to supplementation.
The binding of vitamin Dzto serum protein was similar between insufficient and
sufficient participants‘at baseline (Table 2). However, following 6 weeks of
supplementation the.vitamin D3 percent free was 20% higher among insufficient
compared to sufficient participants: 0.029% vs. 0.024% (p<0.001) (Table 2) indicating
that the binding of vitamin D3 to serum protein increased in sufficient participants during

supplementation.

Association between C; and outcomes. There were no significant associations
between treatment failures or exacerbations and Cs or the change in C;from baseline to

visit 6 (see table Al in the appendix). In order to further explore the relationship
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between outcomes and vitamin D3 levels we stratified the participants into three groups
based on C; of vitamin D3 achieved at visit 6: low, < 9 pg/ml (N=65), medium, 9 — 12
pg/ml (N=84) and high, > 12 pg/ml (N=48). There were no significant associations
between treatment outcomes and C; (Table 3) or changes in Ctfrom baseline (table Al
in the appendix) in patients with asthma participating in the VIDA trial. For participants
with vitamin D3 C; < 9, 9-12 and > 12 pg/ml: overall treatment failure ratesiwere 0.60
(95%CI 0.46-0.78), 0.53 (95%CI 0.40-0.70) and 0.69 (95%CI 0.54<0.90)/person-year
(p=0.51), respectively; and the overall exacerbation rates were 0.28 (95%CI 0.17-0.48),
0.15 (95%CI 0.08-0.30) and 0.42 (95%CI 0.27-0.66)/person-year (p=0.22). We found
no significant associations between time to first treatment failure or time to first
exacerbation and free levels of vitamin D3, and found no significant associations
between changes in FEV; and free levels.or changes in free levels (table Al in the

appendix).



11
DISCUSSION

The primary finding of this VIDA trial analysis revealed no associations between
Ct or changes in C; and the outcomes following vitamin D3 supplementation. Overall
rates of treatment failure and exacerbation tended to decrease at Cs levels 9-12-pg/ml
but increased at levels > 12 pg/ml (Table 3) and none of the changes were-significant.
This observation is not consistent with the VIDA finding that vitamin D supplementation
improved the efficacy of inhaled corticosteroids when participants.achieved levels = 30
ng/ml. The inconsistency between free and total level assoeiations.with response
outcomes was unexpected given the predictions of the free hormone hypothesis and the
strong relationship between C;and Cy (Figure 1). Additionally our observation does not
agree with those of others reporting that free levels are better associated with skeletal
markers, atopy and lung function in childrenwith-asthma compared to total levels®™*3.
We conclude that free concentrations of vitamin D3 were inferior to total concentrations
in associating responsiveness, towitamin D supplementation in the VIDA trial. Our
findings warrant further stadies ta/explore the relationship between free vs. total vitamin

D concentrations as.biomarkers of skeletal and extra-skeletal actions vitamin D

supplementation in patients with asthma.

Two additional findings are of major importance. First, baseline free vitamin D3
concentrations differed by race, ethnicity, sex and body size (Table 1). Several studies
report that Ciy; of vitamin D3 are lower among African Americans compared to non-
Hispanic Whites despite having superior bone health*®?%3°, which has been referred to
as a paradox®®. To address this paradox Powe et al.'° calculated bioavialable

concentrations of vitamin D3 (C; + vitamin D3 bound to albumin) from Ci,;and VDBP
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concentrations and reported that bioavailable concentrations were better related to
circulating parathyroid concentrations than serum concentrations (Ciy) of vitamin Ds.
Lower Cy; Of vitamin D3 in African Americans were attributed to lower VDBP
concentrations as a consequence of ancestral differences in the allele frequencies of
polymorphisms in the GC gene in these individuals of African descent compared,to
Whites. However, these results have been questioned owing to technical'problems
inherent in the VDBP assay used in their studies that led to overestimation of C; and

3134 More recent studies have measured C; directly

bioavailable concentrations
(thereby avoiding issues related to VDBP binding) in patients and reported that Cs of
vitamin D3 are generally lower in African Americans«depending on physiological or
disease state'®?**>, For example, directly measured C; were identical in African
American and White healthy post menopausal Women®® while in patients with Type 2
Diabetes * directly measured C; were lower in African Americans compared to Whites.
The results of our study show that C; of vitamin D3 in African Americans with moderate
asthma on ICS are lower compared to Whites at baseline (Table 1). Fitzpatrick sun-
reactive skin typing and melanin index, non-laboratory techniques, can also discern
vitamin D deficieney among black and white children . Additionally, our data show that
vitamin D3 C¢in Hispanics with asthma are lower compared to Whites. There is
evidence that vitamin D status may contribute to the racial and ethnic disparity of the

asthma burden®’. Future studies in this important area of research should evaluate

vitamin D status by directly measuring C; of vitamin Ds.

In addition to race and ethnicity, BMI and sex contributed to the variability in C; of

vitamin D3 at baseline (Table 1). Previous studies have reported an inverse relationship
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between Ciy vitamin Dz and BMI (see (https://www.ncbi.nim.nih.gov/books/NBK56061/)
and C; and obesity™. Ours is the first to report that C; of vitamin D5 was lower among
overweight or obese participants with asthma compared to those with BMI values < 25
(Table 1; Figure 1). Lower dietary intake of vitamin D or reduced sunlight exposure
probably contributed to reduced free concentrations of vitamin D3 in overweightior
obese individuals compared to non-obese individuals. Our study showed that C; of
vitamin D3 were lower in females compared to males. Interestingly; the prevalence of
asthma in adults is higher in females than males®. The clinical relevance of and the
mechanisms underlying the sex differences in Cs of vitamin D3 are unknown and require

further investigation.

Another major finding of our study is the.apparent resistance of some participants
to supplementation. We found that C; of vitaminyD3 at baseline and at visit 6, and the
change in C;from baseline to 12 weeks were higher in VIDA patrticipants who achieved
serum concentrations = 30 ng/mhcompared to participants with total levels < 30 ng/ml at
similar supplementation doses (Table 2). These differences suggest that participants
with serum levels < 30'ng/mlwere resistant to vitamin D3 supplementation compared to
participants withserum levels = 30 ng/ml. The mechanisms underlying resistance are
unknown and may, be related to pharmacogenetics or genetic variants in vitamin D
metabolic pathway genes, which alter the pharmacokinetics of C;vitamin D3. For
instance;rseveral genome-wide studies have identified loci in CYP2R1, the gene
encoding the enzyme that converts vitamin D to vitamin D3, and other vitamin D
pathway genes that have been associated with low C; of vitamin Ds*"*%*2. Genetic loci

in vitamin D3 pathway genes provide a rationale as a determinant for therapeutic
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responsiveness to supplementation therapy and the observed inter-ethnic differences in
attainable concentrations. We are performing pharmacogenetic studies of biologic
candidate gene variants in the vitamin D3 metabolic pathway to identify a role for gene

variation as a determinant of the inter-individual variability of C; observed in our study.

In the present study Ct and Cy; Were highly correlated (Figure 1, r=0:77), as

reported in other studies™***2°

, yet, outcomes were associated with Cy levels> 30
ng/ml ?° but not with C; levels (Table 3). The reason(s) underlying. this fifiding is not
clear. Csis related to Ci by: Ci=f,*Cyot, thus, the variation in*depicted Figure 1 is related
to the interpatient variability in f,, which is determined by the eoncentration of VDBP
(and to a much lesser extent, albumin) and its association“constant for vitamin D3. At
baseline f, values were similar among participants with C levels < 30 ng/ml and those
> 30 ng/ml (Table 2). However, after supplementation, f, values were ~ 20% lower
(higher binding to plasma proteins) in participants with C; > 30 ng/ml compared to
participants with levels < 30 ng/ml (2.43 x 10 vs. 2.93 x 10™). The free hormone
hypothesis predicts that reductions in f, (increased binding) reduces Ciy but has no
influence on Cf ®8. Thus it ispossible that the differences in f, between those achieving
Ciot < 30 ng/ml and those with levels > 30 ng/ml may have contributed to the differences
in outcomes vs. Ci¢ and outcomes vs. C; associations. Alternatively, the increased

binding'of vitamin D3 in participants with C levels > 30 ng/ml may have reflected

increased VDBP and increased transport of VDBP-vitamin D3 complex into tissue.

The determination of vitamin D status (sufficiency, insufficiency, deficiency) relies
on levels of parathyroid hormone (PTH) and Ci; of vitamin D3. Vitamin D sufficiency

was defined when PTH levels plateued at their nadir of ~ 30 pg/ml, which occurred at
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Ciot Of vitamin D3 of 30-40 ng/ml*. Sufficiency based on free concentrations of vitamin
D3 is unknown but may be estimated. For example, Walsh et al reported that the
directly measured C; of vitamin D3 was 10.6 pmol/L (4.24 pg/ml) in their population of
healthy Caucasians in the UK, while Ci,; and PTH levels were 15-23 ng/ml and 41-42
pg/ml, respectively™. For PTH levels to decline from 40 pg/ml (insufficiency) t0'30
pg/ml (sufficiency) required a doubling of Cy; of vitamin D3 from 15 ng/ml t6:30 ng/ml*.
Since C; and Cy are highly correlated (Figure 1) we speculate thaté@a doubling of C; from
4-5 pg/ml to ~9 pg/ml will reduce PTH from 40 to 30 pgml and achieve sufficiency. Our
estimate that the C; of vitamin D3 of 9 pg/ml defines vitamin'D sufficiency was the basis
for analyzing VIDA outcomes at 3 stratifications: <94pg/ml, 9-12 pg/ml and >12 pg/ml

(table 3).

Our study has several possible limitations. First, the VIDA trial may be
inadequately powered as discussed in the original publication®. In support of this
potential limitation, a recent meta-analysis of clinical trials of vitamin D3 supplementation
which includes the VIDA trial'concluded that vitamin D3 supplementation reduced the
risk of asthma exacerbations*. Second, vitamin D3 C; were not quantified in VIDA
participants who'took placebo thereby reducing our power to detect a relationship
between C;and outcomes. However, we did not detect a trend for an association
between C;and outcomes suggesting that quantifying Csand including them in our
analysis'would not have influenced the outcome. Lastly, insufficient dosing of vitamin D
may contribute to the failure of supplementation to alter treatment failure and

exacerbation rates.
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In summary, the present analysis explored associations between C; vitamin D3

and outcomes of the VIDA trial. We observed no associations between C; vitamin D3

and rates of treatment failure and exacerbations. C; vitamin D3z were lower in African

Americans and Hispanics, in overweight participants and in females. We recommend

that future studies of vitamin D supplementation in patients with asthma quantify,both

free and total levels of vitamin Ds.

10.

11.
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FIGURE LEGEND

Figure 1. Relationship between free concentrations and total serum concentrations of vitamin
D; at baseline in VIDA participants.

Figure 2. Relationship between body mass index (BMI) and free concentrations of vitamin D;
at baseline in VIDA participants.

Figure 3. Free vitamin D3 concentrations at baseline and at visits 6, 8 and 10 following the
administration of a loading and maintenance doses ofwitamin D3 in VIDA participants taking
vitamin Ds.
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Table 1. Comparison of baseline free vitamin Ds; concentrations and binding to serum proteins
by race, sex and BMI in VIDA patrticipants.

DEMOGRAPHICS MEAN (SD)
(number)
Ct, pg/ml \ f,*10*

Race

Black (64) 4.10 (1.33) 2.79 (1.14)

White (103) 5.16 (1.65) 2.49.(0.55)

Hispanic (19) 4.38 (1.11) 2.38(0:43)
Overall p-value p<0.001 p=0.031
(Pair-wise p-values) (<0.001 W vs B

0.038 W vs H) (0.018 W vs B)

Sex

Female (135) 4.57 (1.58) 2.46 (0.63)

Male (65) 5.08 (1.41) 2.82 (1.04)
p-value 0.026 0.003
BMI

<25 (43) 5.45 (1.86) 2.55 (0.92)

>25 (157) 4.54 (1.39) 2.58 (0.77)
p-value <0.001 0.85




Table 2. Comparison of vitamin D3 free concentrations and binding to serum proteins in
insufficient (serum concentrations < 30 ng/ml) and sufficient (serum concentrations = 30 ng/ml)

VIDA participants at baseline and following 12 weeks (visit 6) of vitamin D3 supplementation.

23

MEAN (SD) VITAMIN D STATUS p value
PARAMETER Cit< 30 ng/ml (n=35) | C,+=30 ng/ml (n=162)
Cy, pg/ml baseline 4.15 (1.30) 4.85 (1.57) 0,016
f,, baseline*10™ 2.78 (1.25) 2.54 (0.67) 0.11
Ct, pg/ml visit 6 7.01 (2.23) 11.1(2.81) <0.001
Change Cs, pg/ml visit 6 2.86 (2.01) 6.24 (2.81) <0.001
f,, visit 6*10™ 2.93 (0.59) 2.43 (0.41) <.0.001
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Table 3. Association analyses of outcomes in patients with asthma participating in
the VIDA trial stratified by groups of free vitamin Dz concentrations 12
weeks (visit 6) following the beginning of supplementation.

TREATMENT OUTCOMES VITAMIN D3 Cs, pg/ml (number- | p value
of participants)
<9 (65) | 9—-12(84) | >12 (48)

Overall treatment failure rate/person-yr 0.60 0.53 0.69 0.51

Overall exacerbation rate/person-yr 0.28 0.15 042 0.22

Table Al. P values of associations between outcomes and predictors.in participants with asthma.

Outcome Predictor Type P-value*

Treatment failures C; Continuous 0.51
Change in C¢ Continuous 0.99
Change in C¢ <5vs. 5-9 vs. 29 0.21
categorical

Exacerbations C; Continuous 0.85
Change inC¢ Continuous 0.85
Change in-C¢ <5vs. 5-9 vs. 29 0.39
categorical

Time to first treatment failure C; categorical <9vs. 9-12vs. 212 0.19

Time to first exacerbation C; categorical <9vs. 9-12 vs. 212 0.07

Change in %predicted FEV1 Cs Correlation (r=0.07) 0.36
Change in C; Correlation (r=-0.06) | 0.43

*Treatment failures and exacerbations were modeled using Poisson regression and the
associations were adjusted for center, BMI and race; time to first event was evaluated using the
Logrank test; associations between change in FEV1 and free Vitamin D measures were based
on Pearson correlation.




