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Abstract

The randomised, double blind intervention trial ‘Optimising Vitamin D Status in Older People’ (VDOP) will test the
effect of three oral dosages of vitamin D given for one year on bone mineral density (BMD) and biochemical
markers of vitamin D metabolism, bone turnover and safety in older people. VDOP is funded by Arthritis Research
UK, supported through Newcastle University and MRC Human Nutrition Research and sponsored by the Newcastle
upon Tyne Hospitals NHS Foundation Trust.a

Background: Vitamin D insufficiency is common in older people and may lead to secondary hyperparathyroidism,
bone loss, impairment of muscle function and increased risk of falls and fractures. Vitamin D supplementation trials
have yielded conflicting results with regard to decreasing rates of bone loss, falls and fractures and the optimal
plasma concentration of 25 hydroxy vitamin D (25OHD) for skeletal health remains unclear.

Method/design: Older (≥70 years) community dwelling men and women are recruited through General Practices
in Northern England and 375 participants are randomised to take 12,000 international units (IU), 24,000 IU or 48,000
IU of vitamin D3 orally each month for one year starting in the winter or early spring. Hip BMD and anthropometry
are measured at baseline and 12 months. Fasting blood samples are collected at baseline and three-month
intervals for the measurement of plasma 25OHD, parathyroid hormone (PTH), biochemical markers of bone turnover
and biochemistry to assess the dose–response and safety of supplementation. Questionnaire data include falls,
fractures, quality of life, adverse events and outcomes, compliance, dietary calcium intake and sunshine exposure.

Discussion: This is the first integrated vitamin D supplementation trial in older men and women using a range of doses
given at monthly intervals to assess BMD, plasma 25OHD, PTH and biochemical markers of bone turnover and safety,
quality of life and physical performance. We aim to investigate the vitamin D supplementation and plasma 25OHD
concentration required to maintain bone health and to develop a set of biochemical markers that reflects the effect of
vitamin D on bone. This will aid future studies investigating the effect of vitamin D supplementation on fracture risk.
#ISRCTN 35648481 (assigned 16 August 2012), EudraCT 2011-004890-10.
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Background
Vitamin D status and musculoskeletal health
Vitamin D insufficiency is common in older people and
may lead to increased bone resorption, bone loss, im-
pairment of muscle function and an increased risk of
falls and fractures. The results of clinical trials assessing
the effect of vitamin D supplementation on bone loss,
falls and fractures have yielded conflicting results and
the blood concentration of 25 hydroxy vitamin D
(25OHD) required to maintain optimal skeletal health
remains unclear. Unfortunately, there is no universal
consensus on the optimal way of assessing vitamin D
status or on what constitutes vitamin D repletion at dif-
ferent ages throughout life [1].
Vitamin D status is currently assessed by measurement

of plasma 25OHD concentration. In the UK, vitamin D
deficiency has been defined as a plasma 25OHD less
than 25 nmol/L, the upper end of the range at which
vitamin D deficiency osteomalacia and rickets have
been observed [2,3]. Recent epidemiological and cross-
sectional studies have shown that 25OHD concentra-
tions above 25 nmol/L may also be associated with
secondary hyperparathyroidism, higher bone resorption,
bone loss, impaired muscle function and a greater risk
of falls and fragility fractures [4-8] when compared to
concentrations of 40 to 75 nmol/L and above.
Vitamin D status and requirements
A plasma 25OHD concentration of 40 to 50 nmol/L has
been suggested as a cut-off for vitamin D insufficiency
[2,9-11]. However, some experts have advocated higher
concentrations of 25OHD (75 to 150 nmol/L) for the
maintenance of bone health and other non-skeletal ben-
efits [12-17]. Few individuals in the UK achieve these con-
centrations of 25OHD in winter and spring, when more
than 80% of 45-year-old men and women have a plasma
25OHD concentration less than 75 nmol/L [18-20]. Vita-
min D status is poorer in older people, where approxi-
mately 12% of people living in private households and 30%
of care home residents have a plasma 25OHD concentra-
tion below 25 nmol/L throughout the year, reflecting their
reduced exposure to sunlight, low dietary intake of vita-
min D and potentially their higher expenditure of vitamin
D [14,18,21].
The dietary Reference Nutrient Intake (RNI) for vita-

min D in the UK for people over 65 years is currently
400 International Units (IU) (= 10 μg) per day. In the
US, the Estimated Average Requirement (EAR) and
Recommended Dietary Allowance (RDA) for those over
70 years of age is 600 (15 μg) and 800 IU (20 μg) per
day, respectively [11,22]. It is recognised that supple-
mentation is generally necessary to achieve these intakes
[23]. Despite this advice, vitamin D supplementation is
uncommon in older people, even in care home residents
[18,24-26].

Vitamin D supplementation and fracture risk
Several placebo-controlled intervention trials have exam-
ined the effect of vitamin D supplementation on fracture
risk. Some meta-analyses suggest that vitamin D supple-
mentation doses of 800 to 1000 IU daily decrease the in-
cidence of falls and fractures in older women, whereas
lower doses are ineffective [27-29]. In contrast, other
meta-analyses, including the latest Cochrane Review [30],
indicate that vitamin D supplementation does not de-
crease fracture risk, unless combined with calcium, when
it reduces the risk of hip and other non-vertebral fractures
in care home residents [31,32]. One randomised con-
trolled trial of a single annual oral dose of 500,000 IU
vitamin D showed an increase in falls and fractures, par-
ticularly in the first three months after administration
[33]. Other studies using 300,000 or 600,000 IU per
annum have shown mixed results: 100,000 IU adminis-
tered at four-month intervals was associated with a de-
crease in fracture risk, whereas 300,000 IU of vitamin D2

by i.m. injection or 150,000 IU administered orally every
three months was associated with no benefit [34-36].
These results suggest that not only the dose but also the
frequency of administration may determine the risk and
benefit for falls and fractures. The mechanisms of this
association remain unclear and are likely to be multi-
factorial.
The evidence for the effects of vitamin D supplemen-

tation on BMD or the prevention of bone loss in older
people is conflicting [37,38]. The differences in the
reported efficacy of vitamin D may be because the dose
of vitamin D in several trials may have been too low or
compliance and persistence with supplementation may
have been poor, resulting in a failure to achieve a high
enough plasma 25OHD to reduce bone loss and obtain
an anti-fracture benefit [13,39-41]. Alternatively, the par-
ticipants in some trials may have been vitamin D replete
[41], even if their baseline plasma 25OHD concentra-
tions were lower than those advocated by North
American experts [12,15,16]. Moreover, differences in
reported efficacy may have been due to differences in
the study population, the dose of vitamin D, the route
and frequency of administration and/or the use of differ-
ent forms of vitamin D (vitamin D2 and vitamin D3).
Several studies have indicated that the achieved plasma

25OHD concentration, rather than the vitamin D dose
given, predicts the effect on bone health [42]. However,
measurement of plasma 25OHD, parathyroid hormone
(PTH) and other potential markers of vitamin D status
have only been performed in a small minority of partici-
pants in these intervention studies [41], limiting the abil-
ity to explore the relationship between plasma 25OHD
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concentrations achieved and bone loss and fracture
prevention.

Vitamin D status markers for bone health
Before performing further studies of the effect of vitamin
D supplementation on the risk of major outcomes such as
fragility fractures or cardiovascular disease [12,13,43,44],
there is a need to understand better the relationship be-
tween vitamin D intake, plasma 25OHD and bone health
in older people and to develop better functional markers
of vitamin D status, reflecting vitamin D function at the
level of the target organ [3,45]. These functional markers
will be instrumental in establishing clearer criteria for vita-
min D sufficiency and insufficiency and help to clarify the
optimal dose and frequency of vitamin D supplementa-
tion. Potential markers of vitamin D status have been
reviewed [3]. Plasma PTH has been proposed as a func-
tional marker, because an elevated concentration is a
recognised risk factor for bone loss and fractures in older
people [6-9,13,46-48], which can potentially be modified
by vitamin D supplementation [49,50]. The circulating
concentration of 25OHD below which PTH increases out-
side the normal range may be used to establish a threshold
value for vitamin D insufficiency [1]. However, PTH varies
within and between people at any given concentration of
25OHD [18,51], as PTH depends on many factors other
than vitamin D status [52]. These include stage of life, eth-
nic background, dietary calcium and phosphate intake,
time of day, renal function, serum magnesium, physical in-
activity and medication use [3,14,53-55].

Aim
The Optimising Vitamin D Status in Older People
(VDOP) trial aims to examine the relationship between
vitamin D supplementation at a range of doses and the
change in bone mineral density (BMD) in older people
living in private households in the North East of
England. Vitamin D3 supplementation is given orally
each month, for a year (12,000 IU/month, 24,000 IU/
month or 48,000 IU/month, equivalent to 400 IU/day,
800 IU/day and 1,600 IU/day, respectively). We will ex-
plore the relationship between the change in BMD and
the achieved plasma 25OHD and PTH over 12 months.
As BMD is the result of the balance between bone for-
mation and resorption, the effect of the supplement on
the change in markers of bone turnover will be explored.
Plasma C-terminal telopeptide (CTX), bone specific
alkaline phosphatase (bone ALP) and N-terminal
propeptide of procollagen type I (P1NP) will be mea-
sured, as it has been suggested that these may be the
best surrogate bone turnover markers for the effect of
pharmacological intervention on fracture incidence [56].
We will also investigate the effect of duration of treat-
ment and season on the dose–response.
Rationale for dosage and dosing regimen
Two of the dosages applied in this trial correspond to
the current Scientific Advisory Committee on Nutrition
(SACN) RNI (400 IU/day) and the Institute of Medicine
(IOM) RDA (800 IU/day) for this age group [2,11]. The
highest dose is twice the IOM RDA and well below the
IOM Tolerable Upper Intake Level (TUIL) defined by
the IOM (4,000 IU/day) [11].
This trial uses a monthly dosage scheme as this is

expected to result in improved compliance compared to
daily or weekly dosages [57]. Compliance will be encour-
aged through administration of the dose under direct
supervision on four occasions and taking the other doses
will be prompted by telephone calls by staff from the re-
search centre.

Methods/design
Study design
The VDOP trial is a single centre parallel group,
randomised, double blind interventional trial testing the ef-
fects of three dosages of oral vitamin D3 given each month
to men and women 70 years old and older for a year. The
primary outcome is the change in BMD at the hip (total
hip BMD) from baseline to 12 months post intervention.

Recruitment
Community dwelling men and women 70-years-old and
older, are recruited through General Practices (GP) in
Tyneside, Wearside and Northumberland, participating
in the Northern and Yorkshire Primary Care Research
Network (PCRN-NY). Potentially eligible participants
are identified from GP practice registers, after initial
screening against inclusion and exclusion criteria on
electronic medical records. An invitation letter is sent to
potential participants, including details of the study and
a pre-paid response slip. Those expressing an interest
are contacted by the research team, further screening
performed to ensure that the participant is eligible and
an invitation to participate is then offered, after any dis-
cussions the potential participant might wish. If still in-
terested, an appointment is made for the first study visit,
when written informed consent is obtained, and a blood
sample is collected to perform the final assessment of
eligibility (screening for biochemical exclusion criteria:
see below). If eligible, baseline visit measurements and
questionnaires are completed.

Inclusion criteria
Inclusion criteria are as follows:

1. Ambulatory, community dwelling men and women
70 years old and older

2. Individuals capable of giving informed consent on
their own behalf
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3. Individuals willing to attend the Study Centre
(The Clinical Ageing Research Unit (CARU)) on six
occasions and to be contacted by telephone at monthly
intervals between study visits over twelve months
Exclusion criteria
Exclusion criteria are as follows:

1. Current antiresorptive or anabolic treatment for
osteoporosis

2. Treatment with bisphosphonates for osteoporosis in
the past two years

3. Current supplement use of vitamin D (>400 IU/day)
or calcium (>500 mg/day) (including use of over-
the-counter preparations)

4. Fragility fracture in the previous six months
5. Known primary hyperparathyroidism
6. History of renal stones
7. Hip replacement

Biochemical:

1. Hypercalcaemia (albumin-adjusted serum calcium
>2.60 mmol/L)

2. Renal impairment (Stage 4 or 5 Chronic Kidney
Disease: estimated glomerular filtration rate (eGFR)
below 30 ml/min/1.73m2 calculated using the
modification of diet in renal disease (MDRD)
formula.

There will be no limits to concomitant care or medica-
tion use other than defined in the inclusion and
exclusion criteria. Participation in the VDOP trial is
discontinued when during the course of the trial condi-
tions develop where vitamin D supplementation is
contra-indicated.
Randomisation, Investigational Medicinal Product (IMP)
and IMP administration
Participants are randomised using a computerised sys-
tem in a 1:1:1 ratio to three treatment arms (12,000 IU,
24,000 IU or 48,000 IU vitamin D3 once monthly for 12
months) by a statistician within the Newcastle Clinical
Trials Unit (CTU) not otherwise engaged in the study.
Permuted blocks of variable length are used to reduce
the risk of breach of concealment of allocation.
Allocation lists are provided to Apotek Produktion &
Laboratorier AB (APL; Stockholm, Sweden) which pro-
duces numbered packs of the Investigational Medicinal
Product (IMP) per participant for shipping to the
Newcastle upon Tyne Hospitals NHS Foundation Trust
pharmacy for dispensing. The allocation is not stratified
and allocation status is kept concealed from participant
and research staff unless code break is required for
safety reasons.
The IMP is composed of vitamin D3 dissolved in

Miglyol as Vigantol® (Merck Sereno GmbH, Darmstadt
Germany). One ml of Vigantol® solution contains 0.5 mg
cholecalciferol, equivalent to 20,000 IU vitamin D3. Blin-
ding of Vigantol® oil across the three doses (12,000 IU,
24,000 IU and 48,000 IU) is achieved by further dilution,
using Miglyol® 812 oil (Sasol; The Warner Graham
Company, Cockeysville, MD USA) and the stabilising
agent butylhydroxianisole, both free of vitamin D3. For
the highest dose, only the stabilising agent is added. All
three doses of vitamin D are dispensed in 10 ml amber
glass bottles (target fill volume of 3 ml including 0.6 ml
overage).
MODEPHARMA (London, UK) is responsible for

arranging the manufacture of the IMP and project
management and assistance relating to the IMP. The
formulation, manufacture and release of the IMP is
undertaken by APL, a Swedish clinical supplies company
licensed for the manufacture and release of IMPs for
clinical trial use in the EU.
The IMP is administered orally under direct supervi-

sion of a research nurse at baseline and at the third,
sixth and ninth month study visits. At the end of each
study visit, participants are given two bottles of the study
IMP for the two subsequent months before their next
scheduled visit to CARU, together with written instruc-
tions on how to take the IMP. On months when the par-
ticipant is not attending the clinic, they are contacted by
telephone, to remind them to take the IMP. Participants
are directed to return all IMP bottles in their original
packaging to the research team. Researchers return these
to the trial pharmacist and all returned or unused study
IMPs are documented in the Pharmacy File and then
destroyed according to Pharmacy Standard Operating
Procedures.

Measurements
An overview of the timing of measurements, sample col-
lections and data collection is given in Table 1. Total hip
BMD is measured using Dual-Energy X-ray Absorpti-
ometry (DXA) (i-Lunar DXa, GE Healthcare, Madison
Wisconsin USA) at baseline and 12 months. The densi-
tometer is calibrated daily prior to participant scanning.
The total radiation dose (0.04 mSv) is equivalent to
having a chest X-ray. Height and weight, demispan,
waist-hip ratio and the Timed Up and Go (TU&G) test
are determined [58] and the participant’s medical history
(including medication and supplement use) reviewed. A
standardised physical exam including the assessment of
vital signs, blood pressure, and questionnaires assessing
bone pain, fracture risk and falls history are performed
(adapted from standard clinical care questions and the



Table 1 Schedule of study procedures for VDOP
Phone call 0 Visit 0 Visit 1 Phone

call 1
Phone
call 2

Visit 2 Phone
call 3

Phone
call 4

Visit 3 Phone
call 5

Phone
call 6

Visit 4 Phone
call 7

Phone
call 8

Visit 5

Pre- Screening Pre- Screening Screening Baseline visit FUPa 1 FUPa 2 FUPa 3 FUPa 4 FUPa 5 FUPa 6 FUPa 7 FUPa 8 FUPa 9 FUPa 10 FUPa 11 Final visit

Venue PICa Home CARUa CARUa Home Home CARUa Home Home CARUa Home Home CARUa Home Home CARUa

Month −1 0 0 0 1 2 3 4 5 6 7 8 9 10 11 12

Identification X

Pre-Screening X

Informed consent X

Venipuncture
(screening)

X

Randomisation X

Medical history,
Demispan,,
falls history and
fracture risk

X

Demographics X

TU&Ga test grip
strength

X X

DXA (total hip)
weight height

X X

Venipuncture
(safety
and
biochemistry)

X X X X X

Urine sample X X X X X

Physical exam
and vital signs

X X X X X

Quality of Life X X X X X

CalQuest X X X

Sunshine
exposure

X X X X X

Falls diaries ———————— ———————— —————➔ X ——————— —————➔ X ——————— —————➔ X ——————— —————➔ X

Administer
treatment

X X X X X X X X X X X X

Check drug
adherence

X X X X X X X X X X X X

aCARU Clinical Ageing Research Unit, FUP follow-up visit, PIC Patient Identification Centre, TU&G Time up and Go.
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Fracture Risk Assessment (FRAX) tool [59]). Blood and
timed urine samples are collected after an overnight fast
between 8:30 and 11:30 AM. After venipuncture, partici-
pants are offered breakfast. Questionnaires are used to col-
lect data on demographics, quality of life (WHOQol-BREF
UK version and UK WHOQOL-old; [60,61]), dietary cal-
cium and vitamin D intake (adapted from Calquest; [62])
and sunshine exposure in the UK and during overseas
travel (adapted from [63]). Participants are also asked to
keep a three-month prospective falls diary. At each
visit, information is collected on participant-reported
adverse events (AEs), serious adverse events (SAEs)
and suspected unexpected serious adverse reactions
(SUSARs). In addition, at every visit, safety is assessed
specifically by performing full blood count, serum al-
bumin adjusted calcium, creatinine and liver function.
Information on clinical fractures during the study is
recorded as a safety measure.

Biochemical analyses
Blood samples are collected into tubes containing
ethylenediaminetetraacetic acid (EDTA), lithium heparin
(LH) or serum-separation gel (BD Diagnostics, Oxford,
UK) and one EDTA and one LH tube is immediately
placed on ice. Samples for clinical biochemistry and safety
measurements are sent to Newcastle upon Tyne hospitals
NHS Foundation Trust (NUTH) laboratories and analysed
immediately. These include eGFR, full blood count
(FBC), urea and electrolytes (U&E) and liver function
tests (LFT) which include: serum sodium, potassium,
urea, total protein, total bilirubin, alanine transaminase,
calcium, phosphate, magnesium, albumin, alkaline phos-
phatase (ALP) and creatinine. The remaining blood
samples are separated within 30 minutes of collection
in a refrigerated centrifuge at 1,800 g for 20 minutes
and stored at −80°C prior to analysis at MRC Human
Nutrition Research, Cambridge, UK. Blood pellets are
stored at −20°C for potential genetic analyses. Collected
urine is mixed thoroughly and aliquots are analysed for
calcium, phosphate and creatinine (Cr) immediately at
NUTH laboratories.
All assays are performed in duplicate with the exception

of PTH. EDTA plasma is used for analysis of PTH by im-
munoassay (Immulite, Siemens Healthcare Diagnostics Ltd,
Camberley, UK). LH plasma is used for the measurement
of 25OHD, BAP (both DiaSorin-Liaison, Stillwater, Mn,
USA) and CTX (IDS Ltd, Tyne and Wear, UK) according
to standardised protocols [64]). Assay performance is moni-
tored using kit and in-house controls and under strict
standardisation according to ISO 9001:2000. Quality assur-
ance of 25OHD and PTH assays are performed as part of
the Vitamin D External Quality Assessment Scheme (www.
deqas.org), and the National External Quality Assessment
Scheme (www.ukneqas.org.uk).
Data entry and analyses of questionnaires
An electronic case report form (eCRF) is created for each
participant using a standardised computerised system
(InferMed’s MACRO) at CTU. Biochemistry data are gen-
erated electronically and collated in a standardised format.
Dietary contents of calcium and vitamin D are derived
from food tables. Quality checks of data entry and mer-
ging are performed.

Sample size and power calculation
The sample size calculation was based on an unpaired
two-group comparison of the absolute change in BMD
at the hip within individual participants over the 12
months of the study. This illustrates the power for a pri-
mary comparison of interest between any two chosen
arms in the three-arm design of this study; given the
choices detailed below, the calculations would be identi-
cal for any selected pair of arms. Absolute change is
used, rather than percentage change, as it is statistically
more efficient [65].
Data from a population based study [50] showed that

standard deviation (SD) in absolute change of BMD at
the hip over 12 months in women 60 to 70 years old, liv-
ing in Aberdeen, is between 0.012 and 0.015 after sup-
plementation with a placebo or two vitamin D dosages
(0, 400 IU and 1,000 IU). As this SD is relatively stable
in value but does not include values for two of our three
dosage levels, the conservative choice was made to use the
largest SD estimate and to apply the two-sample t-test, a
two-sided significance level of 0.05 and a power of 80% in
the calculations. Aiming to be able to detect a difference of
0.006 g/cm2 (equivalent to a moderate standardised effect
size of 0.4) between two arms, 100 participants per arm
would be needed. Making an allowance for 20% attrition at
the 12 month follow-up results in 125 participants per arm
(375 in total) being required. This sample size would give
90% power to detect a difference of 0.007 g/cm2 between a
pair of arms. We believe that a difference in BMD of the
order of 0.006 g/cm2 against the background of the antici-
pated yearly decrease in BMD in an untreated population
would be clinically significant [50].

Statistical analyses
The primary outcome of this study is the 12 month
change in BMD at the hip (total hip BMD).
The secondary outcome measures are the changes in

plasma 25OHD concentration and PTH, so as to explore
their use as functional markers in relation to change in
BMD and biochemical markers of bone turnover. Data
are also being obtained on the proportion of participants
in each treatment group who fall, the number of falls,
quality of life and safety.
Analyses are performed according to a formal pre-

planned documented analysis plan. Analysis will be carried

http://www.deqas.org
http://www.deqas.org
http://www.ukneqas.org.uk
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out primarily on an intention-to-treat basis although other
exploratory analyses may also be considered. There are no
planned interim analyses.
Data with missing observations due to loss to follow-

up will be examined to determine both the extent of
missingness and whether it is missing at random or is
selective. If data are missing to a sufficient extent, the
use of appropriate multiple imputation techniques will
be considered to allow for this in the analysis.
Analysis of the primary outcome measure (12 month

change in BMD at the hip) will be performed using
Analysis of Covariance (ANCOVA) to compare the re-
sponse in the three treatment groups while allowing for
the effects of covariates. Baseline BMD at the hip, PTH
and 25OHD measures will be included in addition to
measures of kidney function, BMI, gender and age. In-
teractions will also be explored. The inclusion of base-
line values as covariates will also enable the examination
of possible interactions between effects observed and
these values.
A number of secondary analyses will also be under-

taken. Alternative clinical indicators (such as change in
plasma 25OHD, PTH, falls, physical performance, qual-
ity of life measures and other biochemical markers) will
be compared between the three treatment groups, using
similar techniques to those described above.
The relationship of PTH as a dependent variable with

25OHD and kidney function as independent variables
will be examined using regression methods. Further ex-
ploratory regression models will explore the relation-
ships of 25OHD and PTH with change in BMD and
biochemical markers of bone turnover. The relationship
between 25OHD and BMI will also be explored using
similar regression methods.
The relationship of 25OHD at different time points as

a dependent variable, with season and duration of sup-
plementation as independent variables, will be examined
using regression or repeated measures methods.

Ethical considerations
This study has received a favourable opinion from the
Sunderland Research Ethics Committee (REC, 12/NE/
0050) and R and D approval from the Newcastle upon
Tyne Hospitals NHS Foundation Trust (sponsor). The
conduct of this study is in accordance with the recom-
mendations for physicians involved in research on human
subjects adopted by the 18th World Medical Assembly,
Helsinki 1964 and later revisions.
The study involves procedures that may be unfamiliar

to participants and are not part of their standard medical
care. These procedures are explained in information
sheets provided to all potential participants prior to their
screening visit and written informed consent is obtained
prior to any study procedures. The consent form
specifies the separate study components and includes an
opt in/opt out section for genetic analyses and permis-
sion to be approached for potential affiliated studies.
Participants who lack capacity to consent for themselves
are excluded from this study. In the unlikely event that a
participant loses capacity after they have provided con-
sent to take part, their case will be reviewed by the Chief
Investigator and the legal representative of the partici-
pant to decide whether to continue in the study.
The hip BMD DXA measurement involves a low dose

of radiation (see measurements).
The latest Cochrane Review suggests that vitamin D

supplementation may be associated with a small increased
risk of gastrointestinal side effects, hypercalcaemia, renal
stones and renal impairment, particularly when given with
additional calcium or when active metabolites of vitamin
D are used [32]. However, the doses to be used in this
study are not generally associated with adverse events
[11,22]. As we are using vitamin D alone, without add-
itional calcium supplementation, we do not anticipate that
this will pose a significant risk to participants. The highest
dose of vitamin D3 used in this study is less than half the
TUIL recently advised by the IOM [11,22].

Reporting and evaluation of adverse events, serious
adverse events and suspected unexpected serious
adverse reactions
The development or progression of age-related medical
conditions is anticipated to occur spontaneously during
the study. On the basis of the latest Cochrane Review a
small increased risk of side effects may be expected (see
above). Any AEs, SAEs or SUSARs are verified against
treatment notes/medical records and causality assessed
using standard criteria according to Good Clinical Practice
(GCP) guidelines [66]. All adverse events judged by the
Trial Steering Committee (TSG) as having a reasonable
suspected causal relationship to the IMP are considered to
be adverse reactions and are reported to the sponsor, the
Medicines and Healthcare products Regulatory Agency
(MHRA) and REC in accordance with current legislation.

Data protection
Data are handled, computerised and stored in accord-
ance with the Data Protection Act 1998, guidelines for
GCP [66,67] and local policy. Data collected on paper
are entered on a secure validated clinical data manage-
ment system (InferMed’s MACRO). No participant identi-
fiable data will leave the study site. To preserve anonymity,
any data or samples leaving the site will identify partici-
pants by a unique study identification code (linked in
anonymised form). All identifiable study records and
Investigator Site Files are kept at the site in a locked
filing cabinet with restricted access and on encrypted
and/or pass-word protected computers.
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Monitoring
The daily management lies with the Trial Management
Group (TMG) which comprises Dr Terry Aspray
(Chief Investigator (Chair)), Professor Roger Francis
(Co-Investigator), Dr Tom Chadwick (Statistician),
Dr Jennifer Wilkinson (Senior Trial Manager), Christine
Harle (Trial Manager), Jennie Parker (Assistant Trial
Manager), Ian Campbell (Assistant Director of Pharmacy)
and Katie Argo (Clinical Trials Pharmacist). The UK
CRC registered Newcastle Clinical Trials Unit (NCTU)
has delegated authority from the sponsor for obtaining
ethical and regulatory approvals, trial management and
ensuring that the study is conducted in accordance with
the principles of GCP and pharmacovigilance.
The TSG consists of the TMG and Professor David

Reid (Independent Chair), Professor Elaine McColl (Co-
investigator), Dr Gail Goldberg (Co-investigator), Dr Ann
Prentice (Co-investigator), Dr Inez Schoenmakers (Co-
investigator), Dr Elina Hypponen (Independent member),
Professor Sue Lanham-New (Independent member) and
two Lay members (Patient support group representatives).
The Data Monitoring and Ethics Committee (DMEC)

comprises Professor Arduino Mangoni (Chair), Dr Nicola
Peel and Dr Barbara Gregson (trialist and statistician).

Exit strategy
Participants in this study will discontinue the study sup-
plementation after 12 months of supplementation. They
are then free to use over the counter supplements of
vitamin D.
All clinically relevant findings will be reported to the par-

ticipants’ GPs by the CI (Dr Terry Aspray) who will also
offer advice on clinical management of bone-related health
issues through the Freeman Hospital Musculoskeletal
Unit.

Discussion and potential impact
This study will provide clarification of the dose of vita-
min D required to prevent bone loss in older people in
the UK and will influence the formulation of dietary rec-
ommendations of vitamin D at the population level. This
study is novel and clinically relevant, as it will compare
the effect of three different doses of vitamin D on BMD
and plasma 25OHD, PTH and biochemical markers of
bone turnover in both men and women. This study eval-
uates the effects of vitamin D as mono-therapy rather
than combined with calcium. The data complement
current evidence on the balance of risks in using vitamin
D with or without calcium supplementation [68]. The
study also offers the opportunity to evaluate the impact
of different dosages of vitamin D supplement on struc-
tural (DXA Scanning) and biochemical markers which
allow a better definition of Vitamin D sufficiency for
bone health and to determine an adequate vitamin D
intake to maintain musculoskeletal function. We aim to
develop a set of biochemical markers that reflect the
effect of vitamin D intervention on bone. This will aid
future larger studies investigating the effect of vitamin D
supplementation on fracture risk.
Although the study is primarily powered to detect an

effect of vitamin D supplementation on BMD, it will also
provide data on the effect of vitamin D supplementation
on other functional outcomes, such as quality of life,
physical performance and falls. Further, safety data are
collected and analysed for the effects of the different
dosages, temporal trends and the cumulative dosage. In
addition, this study will provide data on the effect of sea-
son on vitamin D status and other markers and improve
knowledge of the role of monthly (rather than daily)
dosing with vitamin D.

Trial status
The VDOP study commenced recruitment in November
2012; recruitment is scheduled to be completed at end
of June 2013, with follow-up for 12 months thereafter.

Endnotes
aFreeman Hospital, Freeman Road, High Heaton,

Newcastle-upon-Tyne, Tyne and Wear, NE7 7DN, United
Kingdom.

Abbreviations
25OHD: 25 hydroxy vitamin D; AE: Adverse event; ALP: Alkaline phosphatase;
APL: Apotek produktion & laboratorier; AR: Adverse reaction; ARUK: Arthritis
research UK; BMD: Bone mineral density; bALP: Bone alkaline phosphatase;
CARU: Clinical ageing research unit; CTU: Clinical trials unit; CTX: C-terminal
telopeptide Type 1; DMEC: Data monitoring & ethics committee; DXA: Dual
energy X-ray absorptiometry; EAR: Estimated average requirement; e-
CRF: Electronic case report form; EDTA: Ethylenediaminetetraacetic acid;
eGFR: Estimated glomerular filtration rate; FBC: Full blood count; GCP: Good
clinical practice; GP: General practitioner; IMP: Investigational medicinal
product; IOM: Institute of medicine; IU: International unit; LFT: Liver function
test; LH: Lithium heparin; MDRD: Modification of diet in renal disease;
MHRA: Medicines and healthcare products regulatory agency; PCRN-NY: Primary
care research network – Northern and Yorkshire; PIC: Patient identification centre;
P1NP: Terminal propeptide of procollagen type I; PTH: Parathyroid hormone;
QC: Quality control; QP: Qualified person; RDA: Recommended daily allowance;
REC: Research ethics committee; RNI: Reference nutrient intake; SACN: Scientific
advisory committee on nutrition; SAE: Serious adverse event; SAR: Serious
adverse reaction; SUSAR: Suspected unexpected serious adverse reaction;
TMG: Trial management group; TSG: Trial steering group; TU&G: Time up and go;
TUIL: Tolerable upper intake level; U&E: Urea and electrolytes; Vitamin
D2: Ergocalciferol; Vitamin D3: Cholecalciferol; VDOP: Optimising vitamin D status
in older people; WHO QOL-OLD: WHO Quality of life measure for older people.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
IS, RMF, EMcC, TC, GG, AP, TA designed the trial; IS, RMF, EMcC, TC, CH, AY,
JW, JP and TA are responsible for the conduct of the trial; IS and TA drafted
the paper; All authors read and approved the final manuscript.

Funding
This trial is supported by a Clinical Studies Grant (MP/ID19544) from Arthritis
Research UK. This work is partly supported by Newcastle University and
funding from the core programme of the MRC Nutrition and Bone Health



Schoenmakers et al. Trials 2013, 14:299 Page 9 of 10
http://www.trialsjournal.com/content/14/1/299
Group at MRC Human Nutrition Research funded by the UK MRC, grant code
U10596037.

Role of the funder
The study design has been internationally peer-reviewed on behalf of the
Arthritis Research UK as part of the funding decision process. Reviewer’s
recommendations were taken into consideration in the design of the trial.
Arthritis Research UK has no involvement in the analyses or publication of
the results of the trial.

Role of the sponsor
The sponsor has responsibility for the conduct of the trial according to
guidelines laid down in GCP, GRP, the Data Protection Act and the
Declaration of Helsinki. The sponsor is also responsible for
Pharmocovigilance. These responsibilities are delegated to the Principle
Investigator Dr T. Aspray and Newcastle CTU.

Author details
1MRC Human Nutrition Research, Elsie Widdowson Laboratory, Fulbourn
Road, Cambridge CB1 9NL, UK. 2Institute for Ageing and Health, Newcastle
University, Campus for Ageing and Vitality Nuns Moor, Newcastle upon Tyne
NE4 5PL, UK. 3Newcastle Clinical Trials Unit, The Medical School, 4th Floor,
William Leech Building Framlington Place, Newcastle upon Tyne NE2 4HH,
UK. 4Institute of Health and Society, Newcastle University, Baddiley-Clark
Building Richardson Road, Newcastle upon Tyne NE2 4 AX, UK. 5Bone Clinic
Musculoskeletal Unit, Freeman Hospital, Newcastle upon Tyne NE7 7DN, UK.

Received: 7 June 2013 Accepted: 6 September 2013
Published: 17 September 2013

References
1. Francis RM: What do we currently know about nutrition and bone health

in relation to United Kingdom public health policy with particular
reference to calcium and vitamin D? Br J Nutr 2008, 99:155–159.

2. Nutrition TSACo: Update on Vitamin D. London: The Stationery Office; 2007.
3. Prentice A: Vitamin D deficiency: a global perspective. Nutr Rev 2008,

66:S153–S164.
4. Bischoff-Ferrari HA, Conzelmann M, Stahelin HB, Dick W, Carpenter MG,

Adkin AL, Theiler R, Pfeifer M, Allum JH: Is fall prevention by vitamin D
mediated by a change in postural or dynamic balance? Osteoporos Int
2006, 17:656–663.

5. Bischoff-Ferrari HA, Orav EJ, Dawson-Hughes B: Additive benefit of higher
testosterone levels and vitamin D plus calcium supplementation in
regard to fall risk reduction among older men and women. Osteoporos
Int 2008, 19:1307–1314.

6. Sahota O, Gaynor K, Harwood RH, Hosking DJ: Hypovitaminosis D and
‘functional hypoparathyroidism’-the NoNoF (Nottingham Neck of Femur)
study. Age Ageing 2001, 30:467–472.

7. Sahota O, Mundey MK, San P, Godber IM, Lawson N, Hosking DJ: The
relationship between vitamin D and parathyroid hormone: calcium
homeostasis, bone turnover, and bone mineral density in postmenopausal
women with established osteoporosis. Bone 2004, 35:312–319.

8. Rejnmark L, Vestergaard P, Brot C, Mosekilde L: Increased fracture risk in
normocalcemic postmenopausal women with high parathyroid hormone
levels: a 16-year follow-up study. Calcif Tissue Int 2011, 88:238–245.

9. Lips P: Vitamin D deficiency and secondary hyperparathyroidism in the
elderly: consequences for bone loss and fractures and therapeutic
implications. Endocr Rev 2001, 22:477–501.

10. Boonen S, Rizzoli R, Meunier PJ, Stone M, Nuki G, Syversen U, Lehtonen-
Veromaa M, Lips P, Johnell O, Reginster JY: The need for clinical guidance
in the use of calcium and vitamin D in the management of osteoporosis:
a consensus report. Osteoporos Int 2004, 15:511–519.

11. IoMotN A: Dietary Reference Intakes for Calcium and Vitamin D. Washington
D.C: The National Academies Press; 2011.

12. Holick MF: Optimal vitamin D status for the prevention and treatment of
osteoporosis. Drugs Aging 2007, 24:1017–1029.

13. Bischoff-Ferrari HA, Giovannucci E, Willett WC, Dietrich T, Dawson-Hughes B:
Estimation of optimal serum concentrations of 25-hydroxyvitamin D for
multiple health outcomes. Am J Clin Nutr 2006, 84:18–28.

14. Vieth R, Ladak Y, Walfish PG: Age-related changes in the 25-hydroxyvita-
min D versus parathyroid hormone relationship suggest a different
reason why older adults require more vitamin D. J Clin Endocrinol Metab
2003, 88:185–191.

15. Dawson-Hughes B, Heaney RP, Holick MF, Lips P, Meunier PJ, Vieth R:
Estimates of optimal vitamin D status. Osteoporos Int 2005, 16:713–716.

16. Vieth R, Bischoff-Ferrari H, Boucher BJ, Dawson-Hughes B, Garland CF,
Heaney RP, Holick MF, Hollis BW, Lamberg-Allardt C, McGrath JJ, Norman
AW, Scragg R, Whiting SJ, Willett WC, Zittermann A: The urgent need to
recommend an intake of vitamin D that is effective. Am J Clin Nutr 2007,
85:649–650.

17. Grant WB, Cross HS, Garland CF, Gorham ED, Moan J, Peterlik M, Porojnicu
AC, Reichrath J, Zittermann A: Estimated benefit of increased vitamin D
status in reducing the economic burden of disease in western Europe.
Prog Biophys Mol Biol 2009, 99:104–113.

18. Bates CJ, Carter GD, Mishra GD, O’Shea D, Jones J, Prentice A: In a
population study, can parathyroid hormone aid the definition of
adequate vitamin D status? A study of people aged 65 years and over
from the British National Diet and Nutrition Survey. Osteoporos Int 2003,
14:152–159.

19. Ruston D, Hoare L, Henderson L, Gregory J, Bates CJ, Prentice A, Birch M,
Swan G, Farron M: The National Diet and Nutrition Survey: Adults Aged 19 to
64 Years. Nutritional Status (Anthropometry and Blood Analytes), Blood
Pressure and Physical Activity. London: The Stationery Office; 2003.

20. Hypponen E, Power C: Hypovitaminosis D in British adults at age 45
y: nationwide cohort study of dietary and lifestyle predictors. Am J Clin
Nutr 2007, 85:860–868.

21. Hirani V, Primatesta P: Vitamin D concentrations among people aged 65
years and over living in private households and institutions in England:
population survey. Age Ageing 2005, 34:485–491.

22. Ross AC, Manson JE, Abrams SA, Aloia JF, Brannon PM, Clinton SK, Durazo-
Arvizu RA, Gallagher JC, Gallo RL, Jones G, Kovacs CS, Mayne ST, Rosen CJ,
Shapses SA: The 2011 report on dietary reference intakes for calcium and
vitamin D from the Institute of Medicine: what clinicians need to know.
J Clin Endocrinol Metab 2011, 96:53–58.

23. Department of Health: Nutrition and Bone Health: with particular reference to
calcium and vitamin D. London: The Stationery Office; 1998.

24. Aspray TJ, Stevenson P, Abdy SE, Rawlings DJ, Holland T, Francis RM: Low
bone mineral density measurements in care home residents–a treatable
cause of fractures. Age Ageing 2006, 35:37–41.

25. Meyer HE, Smedshaug GB, Kvaavik E, Falch JA, Tverdal A, Pedersen JI: Can
vitamin D supplementation reduce the risk of fracture in the elderly?
A randomized controlled trial. J Bone Miner Res 2002, 17:709–715.

26. Meyer HE, Falch JA, Sogaard AJ, Haug E: Vitamin D deficiency and
secondary hyperparathyroidism and the association with bone mineral
density in persons with Pakistani and Norwegian background living in
Oslo, Norway, The Oslo health study. Bone 2004, 35:412–417.

27. Bischoff-Ferrari HA, Dawson-Hughes B, Staehelin HB, Orav JE, Stuck AE,
Theiler R, Wong JB, Egli A, Kiel DP, Henschkowski J: Fall prevention with
supplemental and active forms of vitamin D: a meta-analysis of
randomised controlled trials. BMJ 2009, 339:b3692.

28. Bischoff-Ferrari HA, Willett WC, Wong JB, Giovannucci E, Dietrich T,
Dawson-Hughes B: Fracture prevention with vitamin D supplementation:
a meta-analysis of randomized controlled trials. JAMA 2005,
293:2257–2264.

29. Bischoff-Ferrari HA, Willett WC, Wong JB, Stuck AE, Staehelin HB, Orav EJ,
Thoma A, Kiel DP, Henschkowski J: Prevention of nonvertebral fractures
with oral vitamin D and dose dependency: a meta-analysis of
randomized controlled trials. Arch Intern Med 2009, 169:551–561.

30. Boonen S, Bischoff-Ferrari HA, Cooper C, Lips P, Ljunggren O, Meunier PJ,
Reginster JY: Addressing the musculoskeletal components of fracture risk
with calcium and vitamin D: a review of the evidence. Calcif Tissue Int
2006, 78:257–270.

31. DIPART (Vitamin D Individual Patient Analysis of Randomized Trials) Group:
Patient level pooled analysis of 68 500 patients from seven major
vitamin D fracture trials in US and Europe. BMJ 2010, 340:b5463.

32. Avenell A, Gillespie WJ, Gillespie LD, O’Connell D: Vitamin D and vitamin D
analogues for preventing fractures associated with involutional and
post-menopausal osteoporosis. Cochrane Database Syst Rev 2009,
2:CD000227.

33. Sanders KM, Stuart AL, Williamson EJ, Simpson JA, Kotowicz MA, Young D,
Nicholson GC: Annual high-dose oral vitamin D and falls and fractures in
older women: a randomized controlled trial. JAMA 2010, 303:1815–1822.



Schoenmakers et al. Trials 2013, 14:299 Page 10 of 10
http://www.trialsjournal.com/content/14/1/299
34. Trivedi DP, Doll R, Khaw KT: Effect of four monthly oral vitamin D3
(cholecalciferol) supplementation on fractures and mortality in men and
women living in the community: randomised double blind controlled
trial. BMJ 2003, 326:469.

35. Smith H, Anderson F, Raphael H, Maslin P, Crozier S, Cooper C: Effect of
annual intramuscular vitamin D on fracture risk in elderly men and
women–a population-based, randomized, double-blind, placebo-
controlled trial. Rheumatology (Oxford) 2007, 46:1852–1857.

36. Glendenning P, Zhu K, Inderjeeth C, Howat P, Lewis JR, Prince RL: Effects of
three-monthly oral 150,000 IU cholecalciferol supplementation on falls,
mobility, and muscle strength in older postmenopausal women: a
randomized controlled trial. J Bone Miner Res 2012, 27:170–176.

37. Chung M, Balk EM, Brendel M, Ip S, Lau J, Lee J, Lichtenstein A, Patel K,
Raman G, Tatsioni A, Terasawa T, Trikalinos TA: Vitamin D and calcium: a
systematic review of health outcomes. Evid Rep Technol Assess (Full Rep)
2009(183):1–420.

38. Cranney A, Horsley T, O’Donnell S, Weiler H, Puil L, Ooi D, Atkinson S, Ward
L, Moher D, Hanley D, Fang M, Yazdi F, Garritty C, Sampson M, Barrowman
N, Tsertsvadze A, Mamaladze V: Effectiveness and safety of vitamin D in
relation to bone health. Evid Rep Technol Assess (Full Rep) 2007(158):1–235.

39. Boonen S, Lips P, Bouillon R, Bischoff-Ferrari HA, Vanderschueren D,
Haentjens P: Need for additional calcium to reduce the risk of hip
fracture with vitamin d supplementation: evidence from a comparative
metaanalysis of randomized controlled trials. J Clin Endocrinol Metab 2007,
92:1415–1423.

40. Bischoff-Ferrari HA: The 25-hydroxyvitamin D threshold for better health.
J Steroid Biochem Mol Biol 2007, 103:614–619.

41. Francis RM: The vitamin D paradox. Rheumatology (Oxford) 2007, 46:1749–1750.
42. Bischoff-Ferrari H: Vitamin D: what is an adequate vitamin D level and

how much supplementation is necessary? Best Pract Res Clin Rheumatol
2009, 23:789–795.

43. Heaney RP: The case for improving vitamin D status. J Steroid Biochem
Mol Biol 2007, 103:635–641.

44. Pearce SH, Cheetham TD: Diagnosis and management of vitamin D
deficiency. BMJ 2010, 340:b5664.

45. Brannon PM, Yetley EA, Bailey RL, Picciano MF: Summary of roundtable
discussion on vitamin D research needs. Am J Clin Nutr 2008, 88:587S–592S.

46. Arabi A, Baddoura R, El-Rassi R, El-Hajj Fuleihan G: PTH level but not 25
(OH) vitamin D level predicts bone loss rates in the elderly. Osteoporos
Int 2012, 23:971–980.

47. Hodsman AB, Hanley DA, Watson PH, Fraher LJ: Parathyroid hormone. In
Principles of Bone Biology. Edited by Bilezikian JP, Raisz LG, Rodan GA. New
York: Academic; 2002:1305–1324.

48. Bischoff-Ferrari HA: Optimal serum 25-hydroxyvitamin D levels for
multiple health outcomes. Adv Exp Med Biol 2008, 624:55–71.

49. Malabanan A, Veronikis IE, Holick MF: Redefining vitamin D insufficiency.
Lancet 1998, 351:805–806.

50. Macdonald HM, Wood AD, Aucott LS, Black AJ, Fraser WD, Mavroeidi A, Reid
DM, Secombes KR, Simpson WG, Thies F: Hip bone loss is attenuated with
1000 IU but not 400 IU daily vitamin D3: a 1 year double-blind RCT in
postmenopausal women. J Bone Miner Res 2013. doi:10.1002/jbmr.1959.

51. Chapuy MC, Preziosi P, Maamer M, Arnaud S, Galan P, Hercberg S, Meunier
PJ: Prevalence of vitamin D insufficiency in an adult normal population.
Osteoporos Int 1997, 7:439–443.

52. Durazo-Arvizu RA, Dawson-Hughes B, Sempos CT, Yetley EA, Looker AC, Cao
G, Harris SS, Burt VL, Carriquiry AL, Picciano MF: Three-phase model
harmonizes estimates of the maximal suppression of parathyroid
hormone by 25-hydroxyvitamin D in persons 65 years of age and older.
J Nutr 2010, 140:595–599.

53. Patel S, Hyer S, Barron J: Glomerular filtration rate is a major determinant
of the relationship between 25-hydroxyvitamin D and parathyroid
hormone. Calcif Tissue Int 2007, 80:221–226.

54. Al-oanzi ZH, Tuck SP, Raj N, Harrop JS, Summers GD, Cook DB, Francis RM,
Datta HK: Assessment of vitamin D status in male osteoporosis. Clin Chem
2006, 52:248–254.

55. Sahota O, Mundey MK, San P, Godber IM, Hosking DJ: Vitamin D
insufficiency and the blunted PTH response in established osteoporosis:
the role of magnesium deficiency. Osteoporos Int 2006, 17:1013–1021.

56. Bouxsein ML, Delmas PD: Considerations for development of surrogate
endpoints for antifracture efficacy of new treatments in osteoporosis:
a perspective. J Bone Miner Res 2008, 23:1155–1167.
57. Ish-Shalom S, Segal E, Salganik T, Raz B, Bromberg IL, Vieth R: Comparison
of daily, weekly, and monthly vitamin D3 in ethanol dosing protocols for
two months in elderly hip fracture patients. J Clin Endocrinol Metab 2008,
93:3430–3435.

58. Podsiadlo D, Richardson S: The timed “Up & Go”: a test of basic functional
mobility for frail elderly persons. J Am Geriatr Soc 1991, 39:142–148.

59. McCloskey EV, Johansson H, Oden A, Kanis JA: From relative risk to
absolute fracture risk calculation: the FRAX algorithm. Curr Osteoporos
Rep 2009, 7:77–83.

60. Power M, Quinn K, Schmidt S: Development of the WHOQOL-old module.
Qual Life Res 2005, 14:2197–2214.

61. Skevington SM, Lotfy M, O’Connell KA: The World Health Organization’s
WHOQOL-BREF quality of life assessment: psychometric properties and
results of the international field trial. A report from the WHOQOL group.
Qual Life Res 2004, 13:299–310.

62. Nelson M, Hague GF, Cooper C, Bunker VW: Calcium intake in the elderly:
validation of a dietary questionnaire. J Hum Nutr Diet 1988, 1:115–127.

63. Macdonald HM: Contributions of sunlight and diet to vitamin D status.
Calcif Tissue Int 2013, 92:163–176.

64. Yan L, Schoenmakers I, Zhou B, Jarjou LM, Smith E, Nigdikar S, Goldberg GR,
Prentice A: Ethnic differences in parathyroid hormone secretion and
mineral metabolism in response to oral phosphate administration.
Bone 2009, 45:238–245.

65. Vickers AJ: The use of percentage change from baseline as an outcome
in a controlled trial is statistically inefficient: a simulation study. BMC Med
Res Methodol 2001, 1:6.

66. European Medicines Agency: ICH Topic E 6 (R1): Guideline for Good Clinical
Practice. London: EMEA; 2002.

67. European Medicines Agency: COMMISSION DIRECTIVE 2005/28/EC:laying
down principles and detailed guidelines for good clinical practice as regards
investigational medicinal products for human use, as well as the requirements
for authorisation of the manufacturing or importation of such products.
Available at: http://ec.europa.eu/health/files/eudralex/vol-1/dir_2005_28/
dir_2005_28_en.pdf.

68. Bolland MJ, Grey A, Avenell A, Gamble GD, Reid IR: Calcium supplements
with or without vitamin D and risk of cardiovascular events: reanalysis of
the Women’s Health Initiative limited access dataset and meta-analysis.
BMJ 2011, 342:d2040.

doi:10.1186/1745-6215-14-299
Cite this article as: Schoenmakers et al.: Vitamin D supplementation in
older people (VDOP): Study protocol for a randomised controlled
intervention trial with monthly oral dosing with 12,000 IU, 24,000 IU or
48,000 IU of vitamin D3. Trials 2013 14:299.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

http://ec.europa.eu/health/files/eudralex/vol-1/dir_2005_28/dir_2005_28_en.pdf
http://ec.europa.eu/health/files/eudralex/vol-1/dir_2005_28/dir_2005_28_en.pdf

	Abstract
	Background
	Method/design
	Discussion

	Background
	Vitamin D status and musculoskeletal health
	Vitamin D status and requirements
	Vitamin D supplementation and fracture risk
	Vitamin D status markers for bone health
	Aim
	Rationale for dosage and dosing regimen

	Methods/design
	Study design
	Recruitment
	Inclusion criteria
	Exclusion criteria
	Randomisation, Investigational Medicinal Product (IMP) and IMP administration
	Measurements
	Biochemical analyses
	Data entry and analyses of questionnaires
	Sample size and power calculation
	Statistical analyses
	Ethical considerations
	Reporting and evaluation of adverse events, serious adverse events and suspected unexpected serious adverse reactions
	Data protection
	Monitoring
	Exit strategy

	Discussion and potential impact
	Trial status
	Endnotes
	Abbreviations
	Competing interests
	Authors’ contributions
	Funding
	Role of the sponsor
	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


