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Abstract

Summary The relation between serum 25-hydroxy vitamin D
[25(OH)D] and bone quality is not well understood, particu-
larly for high levels. We measured bone microarchitecture in
three groups of people stratified by their serum 25(OH)D.
There was a weak association of serum 25(OH)D and
microarchitecture for this cross-sectional population, suggest-
ing possible benefits to bone quality.

Introduction Vitamin D plays an important role in bone
and mineral metabolism, but the relation between serum
25(OH)D and bone quality is not well understood. Here,
we present a cross-sectional study that investigated a con-
venience group of participants from an ongoing health
initiative in Alberta, Canada, who have been receiving
daily vitamin D supplementation.

Methods A total of 105 participants were organized into three
groups based on their serum 25(OH)D levels: low (<75 nmol/
L), medium (75-175 nmol/L), and high (>175 nmol/L). They
were also assessed with 25(OH)D as a continuous variable.
Average daily supplementation was 7670+438 IU, and the
change in 25(OH)D ranged from 22 to 33 % during the period
of receiving supplements. We used high-resolution peripheral
quantitative computed tomography measurements at the radi-
us and tibia to assess bone microarchitecture.

Results Microarchitectural parameters were not strongly asso-
ciated with serum 25(OH)D. In the tibia, there were fewer
trabeculae (TbN; p=0.015) and a non-significant trend toward
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thicker trabeculae (p=0.067) of the high group. Body mass
index (BMI) was negatively associated with serum 25(OH)D
levels (»<0.001) and PTH levels (»p<0.001). There was no
clinically significant relationship detected between high serum
25(0OH)D and high serum calcium.

Conclusion These data suggest a weak relationship between
serum 25(OH)D and bone microarchitecture in this population
of mostly vitamin-D-sufficient participants, and there were no
indications of negative effects related to the high supplemen-
tation levels. These data provided a basis to design and imple-
ment our 3-year dose-dependent randomized controlled trial
investigating the effects of vitamin D supplementation on
bone health outcomes.

Keywords 25(OH)D - Bone microarchitecture - Calcium -
HR-pQCT - Vitamin D

Introduction

Vitamin D is necessary for a wide variety of cell functions in
many tissues and organ systems, and there is an association
between vitamin D deficiency and a variety of medical disor-
ders (i.e., rheumatoid arthritis, multiple sclerosis). It is clear
that vitamin D has an important influence on bone and mineral
metabolism, but the optimal dose remains controversial. A
recent Institute of Medicine (IOM) report [1, 2] recommends
that serum levels of 25-hydroxy vitamin D [25(OH)D] be-
tween 50 and 125 nmol/L are sufficient for bone and overall
health. To reach this range, the IOM recommends a vitamin D
intake (all sources) of 600 international units (IU) daily for
adults under age 70 and 800 IU daily for adults over age 70.
The Osteoporosis Canada Guidelines recommend a dose of
400 to 1000 IU daily for adults under age 50 years and 800 to
2000 IU daily for adults over age 50 years [3].
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A problem in the area of vitamin D and bone and mineral
metabolism is understanding the dose-response effect, partic-
ularly on bone outcomes. A recent meta-analysis including 23
studies, most of which involved doses less than 2000 IU daily,
concluded vitamin D supplements may not increase bone den-
sity in middle-aged adults [4, 5]. Even studies with higher
doses such as a randomized, controlled trial comparing
800 TU daily to 6500 IU daily that was captured in the same
meta-analysis found no benefit of the high dose on bone min-
eral density (BMD) [6]. In fact, higher levels of vitamin D
intake have been seen as problematic, with the potential to
lead to higher serum calcium levels and suppression of para-
thyroid hormone (PTH), resulting in higher urinary calcium
excretion and hypercalcaemia. On the other hand, it is notable
though that no cases of vitamin D toxicity have been clearly
documented with doses less than 40,000 U daily [7].

The objective of this study was to perform a cross-sectional
analysis to explore the relationship between 25(OH)D serum
levels and bone quality. The assessment of bone quality was
based on high-resolution peripheral quantitative computed to-
mography (HR-pQCT), and the cohort was derived from peo-
ple who have been participating in a preventative health pro-
gram in Alberta, Canada. This study served as pilot data to
help inform our 3-year randomized controlled trial investigat-
ing the dose-dependent effects of vitamin D supplementation
on bone health.

Methods

This study was approved by the Conjoint Health Research
Ethics Board at the University of Calgary (E-25226).

Participants

All participants included in this study were enrolled with the
Pure North S’Energy Foundation (PNSF), which is a not-for-
profit initiative that promotes healthy living through educa-
tion, as well as nutritional and lifestyle advice. Participants
received daily supplements of multivitamins, along with other
vitamin and mineral supplementations on the advice of a
healthcare professional. Multivitamin tablets contained
1000 IU of vitamin D, while additional vitamin D supple-
ments were given to participants as deemed necessary by a
healthcare professional in the form of 1000 IU vitamin D3
drops. Participants were enrolled in the PNSF program for at
least 6 months, during which time serum 25(OH)D, calcium,
and PTH were monitored as part of periodic health checkups
between November 1, 2012, and April 30, 2013. The labora-
tory testing of serum 25(OH)D was completed using an im-
munoassay evaluated on a DiaSorin Liaison XL system, and
performance was monitored using DEQAS quality assurance
samples. Laboratory testing of serum calcium was completed
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using a COBAS (Roche) analyzer system. PTH was measured
using the DiaSorin Liaison N-TACT PTH II assay (DiaSorin,
Stillwater, MN). This is a second-generation PTH assay which
primarily detects the intact 84-amino-acid peptide hormone
but has cross-reactivity with the 7-84 fragment. The measure-
ments were performed by Calgary Laboratory Services, a li-
censed clinical laboratory which serves the Calgary Health
Zone—a population of approximately 1.2 million.

Baseline serum 25(OH)D was used to divide a sub-cohort of
109 participants into three different groups: low (<75 nmol/L),
medium (between 75 and 175 nmol/L), and high (>175 nmol/L)
25(0OH)D. The low cutoff of 75 nmol/L was selected because it
aligns with the Osteoporosis Canada and Endocrine Society
threshold for optimal or sufficient 25(OH)D, and the high cutoff
of 175 nmol/L was chosen to identify a subset of our unique
cohort that had relatively high levels of 25(OH)D which were
not likely to be attained by diet and sunlight exposure alone [8].
We also evaluated the parameters as a continuous variable,
while controlling for BML.

Bone imaging

High-resolution peripheral quantitative computed tomogra-
phy (HR-pQCT; XtremeCT, Scanco Medical, Switzerland)
was used to measure bone macro- and microarchitectural pa-
rameters at the distal radius of the non-dominant arm and
distal tibia of the dominant leg using the standard protocol
(60 kVp, 1000 mA, 100 ms integration time) [9] described
in detail previously [10]. Briefly, 110 slices were acquired at
the standard distal sites of radius and tibia at a nominal isotro-
pic resolution of 82 pum. Quality control of the HR-pQCT
scanner was monitored daily using a calibration phantom pro-
vided by the manufacturer.

The analysis included measures of volumetric bone mineral
density (BMD, mg HA/cm®) of the whole bone (BMD), tra-
becular compartment (TbBMD), and cortical compartment
(CtBMD). Morphological measures included total cross-
sectional area (TtAr, mm?), trabecular number (TbN, 1/mm),
trabecular thickness (TbTh, wm), and trabecular separation
(TbSp, um). An advanced analysis of the cortical region [11,
12] provided measures of cortical thickness (CtTh, mm) and
cortical porosity (CtPo, %). In our lab, in vivo short-term
reproducibility is less than 1 % for density and less than
4.5 % for morphologic measures [13].

Statistical analysis

Descriptive statistics were assessed for participants, reporting
group means, standard deviations, and 95 % confidence inter-
vals of this cross-sectional study. An ANOVA F test was per-
formed on the experimental groups for HR-pQCT outcome
variables, with a null hypothesis representing equality of the
means and a significance level set at p<0.05. Due to the
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exploratory nature of this cross-sectional study, trends were
formally defined with a significance level of p<0.10. Linear
regressions of 25(OH)D serum levels on bone density mea-
sures were performed with control for BMI. Serum levels
from PNSF and the HR-pQCT data were combined in
Microsoft Excel and analyzed using Stata 11.1 (College
Station, TX).

Results

A total of 109 people participated in this pilot study, of which
four were excluded due to motion artifacts in the HR-pQCT
scans. The average age of this cohort was 55 years old, and
62 % were female and had been enrolled in the program for
13 months. Details of this cohort, categorized by the serum
25(OH)D levels, are provided in Table 1. The average supple-
ment was 7670 IU daily across all groups, and the /ow group
had the lowest supplement levels. The average time in the
PNSF program of 13 (£17) months was not different among
the three groups. Both PTH and BMI were negatively associ-
ated with serum 25(OH)D (p<0.001).

The serum 25(OH)D upon entry into the PNSF program
increased an average of 23 %, with the highest change in the
low group. The average percent change of the serum calcium
was less than 1 %, and the largest magnitude change was in the
low 25(OH)D group at —3.1 %. Generally, microarchitectural
parameters were similar in the three groups in this cohort
(Table 2). There was a trend toward lower trabecular number
(TbN, p=0.070) in the tibia of the high group, which was
significant when compared to the low group (p=0.015). The
decreased trabecular number coincided with thicker trabeculae
(TbTh), and this trend was most apparent when comparing the
high to low groups (p=0.067). Finally, although it was not
significant, it is worth noting that total BMD was lowest in
the low group at the tibia and radius.

A regression of volumetric total BMD at the radius and
tibia against the serum 25(OH)D for the entire cohort
(Fig. 1) found no significant correlation of BMD with
25(OH)D with this population at both the radius (»=0.053,
p=0.59) or tibia (r=0.069, p=0.48). However, trabecular
BMD and TbTh at the tibia were positively associated with
25(0OH)D in our regression model that included BMI and con-
trolled for age and sex (Table 3; p<0.05).

Figure 1 also shows a significant negative association was
found in the regression of serum calcium against total BMD at
the radius (r=—0.260, p<0.01) and tibia (r=—0.357, p<0.01).
When considering the entire cohort, there was a negative as-
sociation between 25(OH)D and serum calcium (Fig. 2;
p=0.05), although a 100 nmol/L change was estimated to
lower serum calcium by only 0.037, which is not likely clin-
ically significant.

Discussion

This study explored the relationship between serum 25(OH)D
and bone microarchitecture in a unique convenience cohort of
people who have been participating in an ongoing health ini-
tiative in Alberta, Canada, receiving high levels of vitamin D
supplementation. Grouping participants by their serum
25(0OH)D levels, these data suggest a weak association with
bone microarchitecture, which is likely confounded by the
heterogeneity of the participants. As it was not a controlled
trial, there was significant variance in the participants’ dura-
tion of participation in the program, and the levels of their
supplements were high compared to the general population.
Considering the serum calcium, we found it was not strongly
associated to the serum 25(OH)D, even when those levels
were high. Clearly, this is a small cross-sectional study, and
performing a prospective study would be much better
powered to elicit effects; however, these data suggest that high

Table1l The sex, age, time in program, daily supplementation of vitamin D and calcium, PTH, and BMI of participants in three groups based on serum
25(OH)D: high (>175 nmol/L), medium (75-175 nmol/L), and low (<75 nmol/L)

All High 25(OH)D Medium 25(OH)D Low 25(OH)D p values

>175 nmol/L 75-175 nmol/L <75 nmol/L

Sex (% female) 62 % 57 % 65 % 70 % 0.635
Age (years) 55415 56+14 56+16 53+13 0.853
Time in program (months) 13+17 13+14 14+18 9+18 0.735
Supplement vit D (IU/day) 7670+4359 7000+4090 853144565 5875+3682 0.050%*
Supplement calcium (mg/day) 325+277 348+328 296+241 366+200 0.589
PTH (ng/L) 38+20 31«15 40+18 59+32 <0.001***
BMI 27+6 25+5 27+£5 33+6 <0.001***
N 105 44 51 10

Data are presented for mean and standard deviation (SD)
*p<0.10; **p<0.05; ***p<0.01
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Table 3 Regression coefficients for bone microarchitectural 1 °
parameters against serum 25(OH)D and BMI, controlling for age and sex o o®
o
g 4
Vit D BMI E& °
8
Radius BMD [mg/cc] 0.0233 0.2070 é
©
TbBMD [mg/cc] 0.0108 12034 15
CtBMD [mg/cc] 0.0395 —2.1400* g
THN [1/mm] 0.0000 0.0154* 3+
TbTh [um] ~0.0040 ~0.0268 £
CtTh [mm] —0.0001 -0.0017 8
o
CtPo [%] -0.0004 0.0500 w
TtAr [mm’] ~0.0311 0.4622 0 100 200 300 400
Tibia BMD [mg/cc] 0.0990 1.1398 Cotaton (1 0167 25(OH)D serum at time of scan (nmol/L)
TbBMD [mg/cc] 0.0988* 1.9216%* 252 00042AON serum]
Fig. 2 The relationship between serum 25(0OH)D and serum calcium for
CHBMD [mg/cc] 0.3343 47497 the entire cohort (N=105). The ordinate axis shows serum calcium
TbN [1/mm] —0.0001 0.0208*** measured in nmol/L
TbTh [um] 0.0498* 0.0710
CtTh [mm] ~0.0002 0.0037 o . ,
CtPo [%] 0.0000 0.0007 factors (e.g., other vitamins, sunlight exposure, physical
TtAr [mm’] 00021 3 10574 exercise). Furthermore, the supplemental intake of daily

£p<0.05; **p<0.01; ***p<0.001

levels of supplementation were not detrimental to bone
microarchitecture and may have modest beneficial effects.
As this was a cross-sectional study design, rigorous control
was not maintained over all supplement intakes due to the
multivitamins participants received. It is possible that the
effects on bone microarchitecture are confounded by other

Fig. 1 The relationship between Radius
radius bone mineral density (/eff)

and tibia bone mineral density

vitamin D varied for participants over the course of their
participation in the PNSF program. Consistently, the average
supplemental vitamin D intake for all participants was high
compared to [IOM recommendations, and our cohort included
participants with a wide range of serum 25(OH)D levels albeit
weighted toward sufficient or high levels.

The relationship between serum 25(OH)D and bone
microarchitecture was weak, and although there was a trend
toward higher BMD being associated with high serum

Tibia

(right) and the serum 25(OH)D at
the time of the HR-pQCT scan
(top) and serum calcium (bottom).
The ordinate axis shows BMD
measured in mg HA per cc
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|
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25(0OH)D serum at time of scan (nmol/L)

Correlation (r): 0.053
295.76+0.046[25(0H)D serum]
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°
- by}
8 o8
o
L)
'l
*%e
°
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Serum calcium at time of scan (mmol/L)

Correlation (r): -0.260
582.24-113.35[Calcium serum]
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Serum calcium at time of scan (mmol/L)

Correlation (r): -0.357
629.20-139.55[Calcium serum]
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25(OH)D, it was not significant. The biggest effect was on the
lower number of trabecular in the tibia in the group with high
serum 25(OH)D, which also had correspondingly thicker tra-
beculae—this trend toward fewer but thick trabeculae may be
advantageous to the bone microarchitecture. While it is nota-
ble that for nearly all parameters measured in the radius and
tibia, the Ahigh and medium serum 25(OH)D groups appeared
to be associated with the best microarchitecture, the relation-
ships were not strong. Nevertheless, these data suggest that
high vitamin D supplementation did not result in reduced
bone quality on this cohort that was taking supplements for
a time frame of 1 to 2 years. Whether there is a clinically
relevant relationship will be better ascertained in our prospec-
tive controlled trial. Our finding here that there were no de-
tectable differences in serum calcium among the groups de-
spite many participants having very high serum 25(OH)D is
encouraging as it suggests at least that there were not strong
negative effects. The decreased PTH and BMI associated with
the highest serum 25(OH)D is consistent with the findings of
others.

Some limitations have already been discussed, including
that there was a wide variation in the duration of the partici-
pants in the PNSF program, which ranged from six months up
to 5 years. Also, due to the fact that this convenience cohort
comprised people who were all taking very high levels of
supplementation, the number of participants classified as low
was small, which may have reduced our ability to detect ef-
fects on bone quality. We did not include dual-energy X-ray
absorptiometry (DXA) in this study because our focus was on
bone microarchitecture, and it is unlikely it would have
detected BMD trends that were not picked up by HR-
pQCT. However, future studies will benefit from using
both DXA and HR-pQCT to measure multiple skeletal
sites, and by studying a highly controlled prospective co-
hort, we will be able to maximize the sensitivity to detect
bone quality changes.

In conclusion, this cross-sectional study demonstrated
there may be benefits of vitamin D supplementation on
bone microarchitecture and supports that a longitudinal
dose-dependent trial will be important to establish whether
there is a beneficial effect of high levels of vitamin D
supplementation on bone health. The data we present here
suggests that the large daily supplementation of vitamin D
did not pose a hazard to the health of this small cohort by
the measures we performed.
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