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Abstract
Summary Vitamin D is widely used in osteoporosis
treatment, although the optimal dose is not known. This
1-year clinical study among 297 women aged 50–80 years
old showed that a vitamin D3 dose of 6,500 IU/day was not
better than the standard dose of 800 IU/day in improving
bone mineral density (BMD) in the hip and spine.
Introduction The purpose of this study was to determine
whether a high dose of vitamin D3 was better than the
standard dose in improving BMD and reducing bone
turnover in postmenopausal women with reduced bone mass.

Methods The study was a 1-year randomized double-blind
controlled trial comparing high-dose vitamin D3 with the
standard dose. Postmenopausal women (n=297) with a
BMD T-score≤−2.0 in either lumbar spine (L2–4) or total
hip were included and randomized to 6,500 IU vitamin D3/day
(20,000 IU twice per week+800 IU/day) or 800 IU
vitamin D3/day (placebo twice per week+800 IU/day).
Both groups were given 1,000 mg elemental calcium/day.
The primary endpoint was a change in BMD in total hip
and lumbar spine (L2–4).
Results After 1 year, serum 25-hydroxyvitamin D (25(OH)D)
increased [mean (SD)] from 71 (23) to 185 (34)nmol/l and
from 71 (22) to 89 (17)nmol/l in the high- and standard-dose
vitamin D groups, respectively. BMD at all measurement sites
was unchanged or slightly improved with no significant
differences between the groups. Although bone turnover was
reduced in both groups, the more pronounced reduction in
serum levels of the bone formation marker P1NP in the
standard-dose groupmay indicate that this treatment was more
efficient. Adverse events did not differ between the groups.
Conclusions One year treatment with 6,500 IU vitamin D3/day
was not better than 800 IU/day regarding BMD in vitamin
D-replete postmenopausal women with reduced bone mass
and was less efficient in reducing bone turnover.
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Introduction

Vitamin D deficiency, as defined by low serum levels of 25-
hydroxyvitamin D (25(OH)D), may, in severe forms, lead to
reduced intestinal calcium absorption and reduced mineral-
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ization of osteoid and, in less severe forms, to secondary
hyperparathyroidism with resulting increased bone resorp-
tion [1]. There is also evidence for local autocrine and
paracrine regulation of bone turnover by 1,25-dihydrox-
yvitamin D (1,25(OH)2D), which is independent of calcium
absorption. Thus, both the enzyme CYP27B1 (1-alpha-
hydroxylase), necessary for the formation of 1,25(OH)2D
from 25(OH)D, and the vitamin D receptor are present in
bone cells [2]. Recent studies suggest that locally produced
1,25(OH)2D is important both in osteoclast differentiation
and concurrent downregulation of bone resorption, as well
as in optimizing the communication and coupling mecha-
nisms between osteoblasts and osteoclasts [3]. Locally
produced 1,25(OH)2D is also important in osteoblast
differentiation of human marrow stromal cells [4], and
1,25(OH)2D seems to affect osteoprotegerin secretion in
mature osteoblasts [5]. The optimal serum levels of 25(OH)
D for bone health is not established, although at least
75 nmol/l is suggested [6]. Concurrently, in a meta-analyses
on vitamin D and fracture prevention, antifracture efficacy
increased significantly with both higher received dose and
higher achieved 25(OH)D levels [7].

Although supplementation with vitamin D together with
calcium is an established part of osteoporosis treatment and
prevention, the effect of higher doses of vitamin D has not
been evaluated. Hypothetically, higher doses might facili-
tate high calcium absorption, suppress parathyroid hormone
(PTH) secretion, and provide sufficient substrate for the
local bone production of 1,25(OH)2D. We hypothesized that
the doses used in osteoporosis treatment are suboptimal,
and the aim of the present study was, therefore, to compare
the effect of 1 year treatment with a high dose of 6,500 IU
vitamin D3/day (20,000 IU twice/week+800 IU/day) with a
standard dose of 800 IU vitamin D3/day on the bone
mineral density (BMD) and bone turnover markers in
postmenopausal women with low BMD. The high dose was
chosen to obtain high, although still safe, serum 25(OH)D
levels [8]. The study was performed in Norway, where
vitamin D fortification is restricted to products like
margarine (8 mcg/100 g), butter (10 mcg/100 g), and
semiskimmed milk (4 mcg/l).

Methods

Study participants

The study was registered at ClinicalTrials.gov (NCT00491920)
and included postmenopausal women aged 50–80 years
old with a T-score in total hip or lumbar spine (L2–4)≤−2.0.
The participants should not have used hormone replacement
therapy or other therapy affecting bone remodeling during the
last 12 months before enrolment. Further exclusion criteria

were use of steroids, renal stone disease, systolic blood
pressure >175mmHgor diastolic blood pressure >105mmHg,
serum creatinine >110 μmol/l, suspected primary hyperpara-
thyroidism (serum calcium >2.55 mmol/l, serum calcium
>2.50 mmol/l combined with plasma PTH >5.0 pmol/l,
or serum calcium >2.45 mmol/l combined with plasma
PTH >7.0 pmol/l), or chronic disease like ischemic heart
disease, diabetes, granulomatous disease, and cancer.

Participants were recruited from January 2007 until
March 2009 in three different ways: from our outpatient
clinic, through advertisement, and from other completed
clinical studies where BMD was measured. These other
studies included the 6th Tromsø Study (a population-based
study), the NATTO Study (studying the effect of vitamin K
on bone loss) [9], and the ACUFLASH Study (studying the
effect of acupuncture on menopausal symptoms) [10]. At
the least, a 1-month time interval lapsed between the final
examination in the NATTO Study or ACUFLASH Study
and the inclusion in the present study. No effect of vitamin
K on bone loss was found in the NATTO Study [9], and
evidence for an effect of acupuncture on bone loss is
unconvincing [11]. Hence, we consider the possibility of
interference with the results from the intervention in these
studies to be negligible. The flow chart shows the
recruitment of the participants (Fig. 1).

Protocol

Screening of possible participants included an interview, a
dual-energy X-ray absorptiometry (DEXA) scan if not
performed during the last 30 days, and a physical
examination including blood samples. Subsequently, eligible
participants came to a baseline visit at the Clinical Research
Unit at the University Hospital of North Norway, where any
previous supplements with calcium or vitamin D were
discontinued. All participants were then given supplement of
500 mg of calcium and 400 IU of vitamin D3 taken twice
daily (Calcigran Forte®, Nycomed, Norway) throughout the
1-year intervention period. Using block randomization with
various block sizes and stratifying by smoking status
(smoker/nonsmoker) and previous use of bisphosphonates
(yes/no), the participants were randomized to either one
capsule of vitamin D3 20,000 IU (Dekristol, Mibe, Brehna,
Germany) (high-dose vitamin D group in the following) or
identical-looking placebo capsules (standard-dose vitamin D
group in the following) taken twice per week. In total, this
constituted an average daily dose of 6,500 IU vitamin D3 in
the high-dose vitamin D group and 800 IU vitamin D3 in the
standard-dose vitamin D group. The randomization was
performed by the central randomization unit at the University
Hospital of North Norway, and the randomization numbers
with treatment allocations were given directly to the hospital
pharmacy who prepared the medication boxes, which were
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delivered to the study nurse at baseline for each participant.
Thus, the study was a randomized double-blind controlled
trial; neither the participants nor the staff performing the
examinations nor the researchers knew the randomization
status of the participants during the study.

Every third month, adverse events were registered, blood
samples drawn, and the participants were supplied with
new medication. The unused Calcigran Forte tablets and the
capsules were returned and counted. For participants with a
long traveling distance (n=70), the screening and baseline
visits were performed the same day. Adverse events were
registered through telephone interviews at 3, 6 and 9
months for this group, while the blood samples were taken
at the local health center and sent to the University Hospital
of North Norway, securing analysis of all samples at the
same laboratory. Every third month, the study medication
was sent by mail to these participants, who kept all their
medication boxes and returned them at the final 12-month
visit.

Participants were asked to not use sun beds regularly
during the study period, and if going on sunny holidays,
they should stop taking their study medication while on
vacation, but continue the Calcigran Forte intake. The study

was approved by the Regional Committee for Medical
Research Ethics, the Norwegian Data Inspectorate, and the
Norwegian Medicines Agency. All the participants signed a
written consent.

Measurements

Medical history, smoking status, and age at menopause
were recorded at enrolment, as were use of sun bed, sunny
holidays the previous 12 months, and time spent outdoor
during the period of possible ultraviolet B-mediated vitamin
D production in the skin at the study location (69° N) [12].
Hence, they were asked about the mean time spent outdoor
between 10 AM and 3 PM in March–April and September
and between 8 AM and 8 PM in June–August. A food
frequency questionnaire [13] and a questionnaire on
physical activity (International Physical Activity Question-
naire (IPAQ), short, last 7 days self-administered format)
[14] were filled in at baseline, and the intakes of vitamin D
and calcium were calculated. The amount of physical
activity was calculated based on reported light, moderate,
and vigorous activities and reported as units of metabolic
equivalents (MET)-minutes per week, in accordance with

Fig. 1 Flow chart showing recruitment of participants, randomization, and completion
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the IPAQ guidelines. The participants were also classified
according to the IPAQ groups inactive, minimally active, or
health-enhancing physically active. Body height and weight
were measured without shoes and with light clothing at
baseline and 12 months, as were BMD of lumbar spine,
dual hip, and total body. Body mass index (BMI) was
calculated as weight (in kilograms) divided by the square of
height (in meters).

A second-void fasting urine sample was obtained, as
were nonfasting blood samples. Serum was stored in
aliquots at −70°C for later analyses of serum 25(OH)D,
1,25(OH)2D, and bone turnover markers. Serum 25(OH)D
was analyzed at the Hormone Laboratory, Haukeland
University Hospital, using an in-house developed liquid
chromatography double mass spectrometry method [15].
The within-day precision (coefficient of variation [CV])
was ≤3.1%, and the between-day precision (CV) was
≤8.7%.The laboratory takes part in the external quality
program DEQAS. Bone turnover markers and 1,25(OH)2D
were analyzed at the Hormone Laboratory, Oslo University
Hospital. The bone resorption marker C-terminal telopep-
tide of type 1 collagen (CTX-1) was measured in serum by
ELISA technique (IDS, Herlev, Denmark); the reference
range for postmenopausal women was <1.35 mcg/l accord-
ing to the producer. Total CV was ≤9%. The bone formation
marker N-terminal propeptide of type 1 procollagen (P1NP)
in serum was measured by radioimmunoassay (RIA; Orion
Diagnostics, Espoo, Finland); the reference range for
postmenopausal women was 16–96 mcg/l according to the
producer. Total CV was ≤10%. Serum 1,25(OH)2D was
measured by RIA (DiaSorin, Stillwater, MN, USA); the
reference range was 42–169 pmol/l and the total CV
was ≤17%.

The other analyses were performed continuously at the
Department of Clinical Chemistry at the University Hospi-
tal of North Norway. Plasma PTH was measured using an
automated clinical chemistry analyzer (Immulite 2000,
Siemens Healthcare Diagnostics, Los Angeles, CA, USA),
reference range 1.1–7.5 pmol/l, and serum calcium was
analyzed using an automated analyzer (Hitachi 917) with
reagents from Boehringer Mannheim, reference range 2.15–
2.55 mmol/l. Serum creatinine was analyzed by an
enzymatic colorimetric method (CREA plus, Roche Diag-
nostics) using an automated clinical chemistry analyzer
(Modular P, Roche Diagnostics), reference range 50–
90 μmol/l. Ionized calcium was analyzed by ion selectivity
(ABL 800 Flex, Radiometer America Inc., Westlake, OH,
USA), reference range 1.10–1.34 mmol/l, and phosphate
was analyzed by photometric endpoint measurement (Modular
P, Roche Diagnostics), reference range was 0.76–
1.41 mmol/l when measured in plasma (samples taken
at the hospital) and 0.85–1.50 mmol/l when measured in
serum (mailed samples).

BMD

BMD was measured by DEXA (GE Lunar Prodigy, Lunar
Corporation, Madison, WI, USA) at the following sites:
dual hip, lumbar spine, and total body. According to the
protocol, the primary endpoints were changes in BMD at
the total hip and anterior–posterior L2–4 site, but effects on
the femoral neck site and total body were also studied. The
CV was <1.0% at both the total hip and the spine. The
scanner was calibrated daily against the standard calibration
block supplied by the manufacturer (aluminum spine
phantom), and these measurements showed no drift
throughout the study. We used the mean of the left and
right hip measurements for analyses. For participants with
metallic implant in one hip, the measurement from the other
hip was used in the analyses.

Statistical analyses

Data were checked for normality using visual inspections of
histograms and P–P plots. Skewed variables were log-
transformed for relevant analyses. For between-group
comparisons, Student’s t test or chi-square tests were used,
while paired t tests were used to analyze changes from
baseline to 12 months within each treatment group. The
primary outcome was defined as change in BMD from
baseline to 12 months. This was expressed both in absolute
values and in percentage. These two were highly correlated
(r>0.99), and only the percentage change is presented here
for simplicity. Multiple linear regression analyses, and
Pearson (r) or Spearman rho (rs) correlation coefficients
for normally and non-normally distributed variables, respec-
tively, were used to assess the association between different
variables (baseline values or change in values) and outcomes.
In order to compare the results in this study with those from a
recent study on vitamin D intake necessary to obtain a serum
25(OH)D concentration of above 75 nmol/l [16], we present
the achieved serum 25(OH)D levels for the two treatment
groups stratified by baseline serum 25(OH)D below or above
55 nmol/l.

For the primary endpoints, the analyses were performed
as intention-to-treat analyses, where the last observation
was carried forward for participants that did not complete
the study. Adherence to the medication was calculated
based on returned Calcigran Forte tablets and study
medication. To study effects in subgroups, we predefined
the following stratified analyses of interest: below or above
the median of baseline serum 25(OH)D and PTH, age
below or above 65 years, and with baseline T-score ≤−2.5
or >−2.5 (osteoporosis or normal/osteopenia) at total hip or
L2–4. Interactions were tested between subgroups and
treatment groups in general linear models. All statistical
analyses were performed using the statistical software
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package SPSS 16.0, and p<0.05 was considered a
significant finding. The results are shown as the mean
(SD), unless otherwise stated.

Power calculations

Power calculation prior to the study was based upon a
within-group SD of 4% for BMD both at the hip and L2–4
measurement sites. If 400 subjects were included and 300
completed the study, this would give us a power of 90% to
detect a difference of 1.5% between the treatment groups at
a significance level of 0.05 [17]. During the study, we
realized that 400 participants would be difficult to achieve
during the available time frame, meanwhile, the dropout
rate was lower than expected. Recalculation assuming the
same within-group SD showed that a total sample size of
128 individuals in each group would be needed to have a
power of 90% to obtain a clinical relevant difference of
1.6% at the total hip at a significance level of 0.05.
Assuming a dropout rate of 15%, 300 participants in total
would be needed.

Results

Baseline characteristics

Of 905 invited persons, 297 were included in the study
(Fig. 1). Their baseline characteristics are shown in
Tables 1, 2, and 3. Except for the 1,25(OH)2D levels,
which were significantly lower in the standard-dose group,
there were no significant differences between the treatment
groups at baseline. Vitamin D supplementation (including cod
liver oil) was used by 138 participants with a mean dose of
441 (228)IU/day, range 100–1,200 IU/day. Calcium supple-
mentation was used by 86 participants, with a mean dose of
803 (265)mg/day, range 250–1,500 mg. Any kind of vitamin
D and/or calcium supplementations were used by 149
participants (50%).

In multiple regression analyses, reported outdoor time,
sunny holidays, sun bed use, and vitamin D supplementation
were significantly associated with the baseline serum 25(OH)
D levels, whereas age, smoking, physical activity, and
estimated vitamin D intake were not. There was no correlation
between serum 25(OH)D level and BMD at total hip or L2–4
at baseline.

Adherence

For the participants who completed the study, adherence
was 97% for the study medication (capsules of vitamin D3

or placebo) and 92% for Calcigran Forte. No differences in
adherence were observed between the treatment groups.

Sunny holidays during the study were reported by
similar numbers in the two treatment groups (61 in the
high-dose group and 64 in the standard-dose group (p=0.69,
chi-square test)). Median length of these holidays were
2 weeks with no difference between the treatment
groups (p=0.73, Mann–Whitney U test).

BMD

Intention-to-treat analyses showed that, in both treatment
groups and on all measurement sites, BMD was unchanged
or slightly increased through the study year (Table 2). There
were no statistically significant differences between the
treatment groups at any measurement site. Per-protocol
analyses in 135 and 140 participants in the high-dose and
standard-dose vitamin D group, respectively, revealed
similar results, as did analyses in the 148 participants (74
in each group) who did not use calcium and/or vitamin D
supplementation at inclusion.

When participants were stratified according to baseline
BMD status (baseline T-score ≤−2.5 or >−2.5) for total hip and
L2–4, respectively, there were generally slightly better, though
not statistically significant, results for the high-dose vitamin D
group in the osteoporotic subgroups (Table 4). On the other
hand, in the subgroups with baseline T-score>−2.5, there
was a trend towards better effect of standard-dose vitamin D,
statistically significant at the femoral neck in those with
L2–4 T-score>−2.5. Test for interaction between baseline
L2–4 BMD status and treatment was significant for the
femoral neck (p=0.03). Similarly, when stratified according
to plasma PTH below or above the median (4.8 pmol/l),
there were significant better results in the standard-dose
vitamin D group at the total hip in the low-plasma PTH
group (Table 4). However, interaction tests did not reach
significance (p=0.28). The results did not differ when
stratified by baseline serum 25(OH)D below or above the
median (69.7 nmol/l; Table 4) or below or above 55 nmol/l or
by age (data not shown).

Laboratory measurements

Plasma PTH decreased, and serum ionized calcium, serum
25(OH)D, and urine calcium/creatinine ratio increased in
both groups, but significantly more in the high-dose
vitamin D group. Serum calcium increased marginally in
the high-dose vitamin D group, as did 1,25(OH)2D, while a
significant decrease in 1,25(OH)2D was seen in the
standard-dose vitamin D group. Serum phosphate decreased
in both groups (Table 3).

Of those who completed the study, 33 subjects in the
high-dose group and 35 in the standard-dose group had
serum levels of 25(OH)D <55 nmol/l at baseline. At
12 months, their serum 25(OH)D levels were 176 (36)
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and 81 (15)nmol/l, respectively. While all subjects in the
high-dose group reached serum 25(OH)D levels above
75 nmol/l, 29% in the standard-dose group still had serum
25(OH)D levels <75 nmol/l after 12 months. Accordingly,
for those with baseline serum 25(OH)D levels >55 nmol/l,
the serum 25(OH)D levels after 12 months were 188 (33)
and 92 (17)nmol/l in the high-dose (n=101) and standard-
dose (n=104) groups, respectively. Thirteen percent of
those in the standard-dose group did not reach serum 25
(OH)D levels ≥75 nmol/l.

In both treatment groups, there was a significant
decrease in the bone resorption marker CTX-1 and the
bone formation marker P1NP. The reduction in P1NP was

significantly more pronounced in the standard-dose vitamin
D group (Table 3), which was found in per-protocol
analyses as well as in intention-to-treat analyses. However,
when the analyses were restricted to the 148 participants
who did not use any vitamin D or calcium supplementation
at baseline, the difference was no longer significant
(−11.6 mcg/l in the high-dose group versus −14.2 mcg/l in
the standard-dose group, p=0.33). When all the completing
participants were analyzed together, the change in CTX-1
was significantly inversely correlated with the change in
BMD at the total hip and the femoral neck (rs=−0.24,
p<0.01 and rs=−0.12, p<0.05, respectively), and the change
in P1NP was significantly inversely correlated with the

Table 1 Baseline characteristics of the study participants

Baseline characteristics High-dose vitamin
D group (n=149)

Standard-dose vitamin
D group (n=148)

Age (years) 62.9 (7.6) 63.5 (6.8)

BMI (kg/m2) 25.0 (3.4) 24.6 (3.2)

Years since menopause 14.1 (8.6) 14.8 (8.8)

Physical activitya, MET-min/week 3,162 (3,170) 3,385 (3,810)

Physical activity

Inactive (%) 21 24

Minimally active (%) 43 42

Health-enhancing physically active (%) 36 35

Estimated total vitamin D intake (food and supplements)b (mcg/day) 9.1 (6.2) 8.1 (6.0)

Estimated vitamin D intake from foodb (mcg/day) 5.9 (2.9) 5.9 (2.9)

Vitamin D supplementation (%) 47 46

Estimated total calcium intake (food and supplements)b (mg/day) 1,062 (524) 1,044 (552)

Estimated calcium intake from foodb (mg/day) 799 (316) 835 (354)

Calcium supplementation (%) 32 26

Smoking status

Never smokers (%) 23 24

Former smokers (%) 40 39

Current smokers (%) 37 38

Health status

Asthma/COPD (%) 6 10

Thyroid disease (%) 13 9

Arthrosis (%) 11 9

Other musculoskeletal disease (%) 15 11

Hypertension (%) 17 19

Hypercholesterolemia (%) 12 11

Previous osteoporotic fracturec (%) 36 36

Previous bisphosphonate use (%) 4 5

Previous HRT use (%) 41 43

Data are presented as the mean (SD) or percentage

COPD chronic obstructive pulmonary disease, HRT hormone replacement therapy, mcg micrograms, mg milligrams, MET metabolic equivalents
aMissing information in 9 and 13 participants in the high-dose and standard-dose vitamin D group, respectively
bMissing information in one and three participants in the high-dose and standard-dose vitamin D group, respectively
c Defined as any fracture at the age of ≥50 years
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change in BMD at the total hip, femoral neck, and L2–4
(rs=−0.30, rs=−0.24, and rs=−0.17, respectively; p<0.01).
Subgroup analyses revealed much the same patterns in bone
turnover markers as in BMD. Thus, the standard dose
reduced serum P1NP more efficiently when baseline plasma

PTH was below the median (p<0.05), when baseline T-score
was >−2.5 in hip (p<0.05) and spine (p<0.01), and also
when age at inclusion was <65 years (p=0.01). Meanwhile,
serum CTX was more reduced in the high-dose group in hip
osteoporosis (p<0.01).

Table 2 BMD at baseline and changes in BMD during the study period; intention-to-treat analyses

Baseline BMD (g/cm2) BMD changes (%) p for difference in
change between groups

High-dose
vitamin D group

Standard-dose
vitamin D group

High-dose
vitamin D group

Standard-dose
vitamin D group

n 149 148 149 148

Total hip 0.790 (0.073) 0.791 (0.082) 0.31 (1.59)* 0.56 (1.70)** 0.20

Femoral neck 0.758 (0.066) 0.757 (0.079) 0.03 (2.08) 0.17 (1.87) 0.53

L2–4 0.901 (0.072) 0.902 (0.079) 0.25 (3.19) 0.32 (3.23) 0.86

Total body 1.000 (0.054) 1.002 (0.055) 0.18 (1.14) 0.20 (1.23) 0.88

Student’s t test was used to compare changes (in percent) in BMD between the groups

*p<0.05, different from baseline; **p<0.01, different from baseline

Table 3 Laboratory values at baseline and changes during the study for the 275 participants that completed the study

Baseline Changesa p for difference
in change
between groupsHigh-dose

vitamin D group
Standard-dose
vitamin D group

High-dose
vitamin D group

Standard-dose
vitamin D group

n 149 148 135 140

Serum 25(OH)D (nmol/l) 70.7 (23.0) 71.2 (22.3) 114.7 (34.6)* 18.0±18.9* <0.01

Serum calcium (mmol/l) 2.36 (0.09) 2.36 (0.07) 0.02 (0.09)** 0.00±0.10 <0.05

Serum ionized calcium (mmol/l) 1.24 (0.03) 1.24 (0.04) 0.03 (0.04)* 0.01±0.04* <0.01

Serum phosphate (mmol/l) 1.14 (0.15) 1.13 (0.15) −0.05 (0.17)* −0.06±0.16* NS

Plasma PTH (pmol/l) 5.0 (1.6) 5.0 (1.7) −1.2 (1.4)* −0.6±1.5* <0.01

Plasma PTH (pmol/l), median
(5th–95th percentile)

4.8 (3.0–8.2) 4.9 (3.0–8.3)

Serum creatinine (μmol/l) 59.1 (9.1) 59.7 (9.3) 0.4 (5.5) 0.6 (5.4) NS

Serum 1,25(OH)2D (pmol/l) 151 (50) 139 (40)*** 11.6 (63.8)** −22.8 (53.8)* <0.01

Serum 1,25(OH)2D (pmol/l), median
(5th–95th percentile)

144 (76–235) 136 (73–214)

Urine calcium/creatinine ratio 0.38 (0.20) 0.34 (0.19) 0.22 (0.32)* 0.13 (0.26)* <0.05

Urine calcium/creatinine ratio, median
(5th–95th percentile)

0.34 (0.12–0.70) 0.30 (0.10–0.70)

Urine phosphate/creatinine ratio 2.33 (0.80) 2.40 (0.81) −0.11 (0.99) −0.06 (1.03) NS

Serum CTX-1 (mcg/l) 0.46 (0.22) 0.46 (0.21) −0.07 (0.19)* −0.08 (0.20)* NS

Serum CTX-1 (mcg/l), median
(5th–95th percentile)

0.43 (0.22–0.83) 0.41 (0.21–0.85)

Serum P1NP (mcg/l) 57 (20) 58 (19) −10.7 (14.2)* −14.3 (15.4)* <0.05

Serum P1NP (mcg/l), median
(5th–95th percentile)

56 (27–99) 56 (32–92)

Normally distributed data are presented as the mean (SD), and skewed variables also as the median (5–95 percentile). Log-transformed values (not
shown) were used when comparing skewed variables using t tests

NS not significant

*p<0.01, **p<0.05, changes from baseline to 12 months; ***p<0.05, different between groups at baseline
a Changes refer to value at 12 months−value at baseline
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Adverse events

There was no significant difference in the number of adverse
events in the two groups (Table 5). Fourteen subjects in the
high-dose group did not complete the study (four participants
withdrew consent, two had a transient ischemic attack, while
the following affected one participant each: skin reactions,
planned UV treatment, hypercalcemia (serum calcium
2.77 mmol/l), steroid treatment for reactive arthritis, gastro-
intestinal symptoms, dizziness with musculoskeletal pains,
rheumatoid arthritis, and percutaneous coronary intervention
(PCI) with suspected procedure-related urolithiasis). The
number of noncompleters in the standard-dose group was
eight (three withdrew consent, two had urticaria, while the
following affected one participant each: unstable angina
pectoris, leg cramps, and cancer). There were no severe
hypercalcemias as defined as serum calcium >2.80 mmol/l,
and the more modest hypercalcemias (serum calcium 2.60–
2.80 mmol/l) occurred at serum 25(OH)D levels across a
range of 64–256 nmol/l. According to the protocol, only
participants experiencing severe hypercalcemia should be

excluded; however, one participant with serum calcium
2.77 mmol/l (control value after 1 week was 2.39 mmol/l)
was erroneously excluded. All the other participants continued
in the study, and all the hypercalcemias had resolved at
retesting without stopping the treatment.

Discussion

The results of this study suggest that, although apparently
safe to use, there is no obvious benefit in 1 year treatment
with a high dose (6,500 IU/day) of vitamin D supplemen-
tation to postmenopausal women with reduced BMD
compared to a standard dose of 800 IU/day. Worth noticing
was that, in certain subgroups, the standard dose of vitamin
D was better than the high dose regarding changes in hip
BMD. In addition, standard-dose treatment led to greater
reduction in serum P1NP as a measure of bone turnover.

The strengths of this study were that it included an
important and relevant population of postmenopausal
women with low BMD, adherence was good, and retention

Table 4 Percent change in BMD in relation to vitamin D dose stratified by baseline T-score, serum 25(OH)D, and plasma PTH; intention-to-treat
analyses

Strata with number of participants Total hip L2–4 Femoral neck Total body

Baseline T-score total hip≤−2.5
High-dose vitamin D n=15 1.15 (1.59)* 0.41 (2.89) 0.21 (1.91) −0.09 (0.96)

Standard-dose vitamin D n=12 0.31 (1.66) −0.09 (2.05) −0.94 (2.15) −0.14 (1.35)

Baseline T-score total hip≥−2.5
High-dose vitamin D n=134 0.22 (1.57) 0.23 (3.23) 0.01 (2.10) 0.21 (1.15)*

Standard-dose vitamin D n=136 0.58 (1.70)** 0.35 (3.31) 0.27 (1.82) 0.23 (1.22)*

Baseline T-score L2–4≤−2.5
High-dose vitamin D n=80 0.39 (1.65) 0.85 (3.20)* 0.20 (2.26) 0.17 (1.26)

Standard-dose vitamin D n=67 0.38 (1.61) 0.47 (2.93) −0.20 (1.83) 0.04 (1.19)

Baseline T-score L2-4≥−2.5
High-dose vitamin D n=69 0.22 (1.53) −0.44 (3.06) −0.17 (1.84) 0.20 (0.99)

Standard-dose vitamin D n=81 0.71 (1.76)* 0.19 (3.46)** 0.47 (1.86)*** 0.34 (1.25)*

Baseline serum PTH ≤4.8 pmol/l

High-dose vitamin D n=79 0.08 (1.44) 0.04 (2.99) −0.21 (1.91) 0.07 (1.23)

Standard-dose vitamin D n=72 0.53 (1.35)**, **** 0.37 (3.14) 0.03 (1.57) 0.26 (1.07)

Baseline serum PTH ≥4.8 pmol/l

High-dose vitamin D n=70 0.58 (1.72)** 0.49 (3.41) 0.30 (2.24) 0.31 (1.01)*

Standard-dose vitamin D n=74 0.62 (1.99)** 0.26 (3.35) 0.32 (2.15) 0.20 (1.36)

Baseline serum 25(OH)D ≤69.7 nmol/l

High-dose vitamin D n=76 0.61 (1.65)** 0.65 (3.25) 0.50 (1.95)* 0.32 (1.07)*

Standard-dose vitamin D n=71 0.61 (1.84)** 0.59 (3.23) 0.31 (1.70) 0.15 (1.18)

Baseline serum 25(OH)D ≥69.7 nmol/l

High-dose vitamin D n=72 0.02 (1.48) −0.14 (3.11) −0.43 (2.11)* 0.06 (1.18)

Standard-dose vitamin D n=75 0.50 (1.58)** 0.07 (3.24) 0.08 (2.00) 0.25 (1.28)

*p<0.05, change from baseline; **p<0.01, change from baseline; ***p=0.037, difference in change between high-dose and standard-dose
groups; ****p=0.049, difference between high-dose and standard-dose groups
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in the study high. It was also adequately powered to detect
small differences in effects between the treatment groups in
the main analyses. The doses used were sufficient to give a
substantial increase in serum 25(OH)D, as confirmed in
serum measurements.

The study also had several limitations. Firstly, as we
considered it ethically problematic, we had no group
receiving neither calcium nor vitamin D. The annual
reduction in BMD in postmenopausal untreated women is
reported to be 0.39–3.2% in the lumbar spine [9, 18–20],
0.50–2.2% in the femoral neck [9, 18–20], and 0.35% in
total hip [9]. In comparison, both the treatment regimes in
this study led to no change or improvement in BMD in the
main analyses. Secondly, the cohort was not treatment
naive, as 50% of the participants already used calcium and/
or vitamin D supplementation at baseline. As such, the
study could be regarded as a maintenance treatment study.
The high baseline intake of both vitamin D and calcium
could have masked an effect of the intervention. However,
analyses in subjects without baseline intake of such
supplementation did not change the results.

Thirdly, as the follow-up time was 1 year, we cannot
assess long-term effects or safety. Fourthly, although BMD
is regarded as a useful surrogate marker of bone health, this
has lately been questioned in patients receiving calcium
with or without vitamin D supplementation [21], and the
ideal endpoint would be fractures. This would need a
substantially higher number of participants and also longer

follow-up time. Next, although we did predefine the
subgroups to be analyzed, the study was not powered for
such analyses nor did we adjust for multiple comparisons.
The results of the subgroup analyses must, therefore, be
interpreted with caution. Finally, the vitamin D status in the
included participants was higher than expected from the
general Norwegian population [22, 23], as 40.6% had
baseline serum 25(OH)D levels above 75 nmol/l, only
15.4% below 50 nmol/l, and 1% below 25 nmol/l. This
might be explained by the high prevalence of vitamin D
supplementation and sun-seeking activities like sunny
holidays, sun bed use, and outdoor activities. It probably
also reflected that a substantial proportion of the participants
already were aware of their low BMD, and thereby undertak-
ing preventive efforts like vitamin D supplementation [24].
Our study should, therefore, be viewed with caution when it
comes to effects of high doses of vitamin D on BMD in
vitamin D-deficient subjects with low BMD. Thus, a recent
report showed that, in vitamin D-deficient nursing home
residents, supplementation with vitamin D 5,000 IU/day and
calcium 320 mg/day, which led to a mean serum 25(OH)D at
12 months of 125.6 (38.8)nmol/l, resulted in an impressive
23% increase in BMD at the hip [25]. However, this might
reflect mineralization of osteoid due to vitamin D-deficient
osteomalacia and not treatment of ordinary osteoporosis.

We did not measure serum 25(OH)D before including
subjects in the study. According to a recent work, a vitamin
D3 dose similar to the one used by us (5,000 IU/day for
6 months) was suggested to achieve a serum 25(OH)D
concentration >75 nmol/l in those with serum 25(OH)D
levels below 55 nmol/l and 3,800 IU/day if above that
threshold [16]. However, our high dose of vitamin D
resulted in much higher serum 25(OH)D levels, both for
those below and above a baseline serum 25(OH)D of
55 nmol/l. Our results also demonstrated that 800 IU
vitamin D/day is insufficient if a serum 25(OH)D level
above 75 nmol/l is to be achieved in all subjects. Clinicians
should, therefore, reassess serum 25(OH)D levels in
patients supplemented with vitamin D in order to ensure
that the target level is achieved.

Ideally, we should have included an intermediate dose of
2,000–4,000 IU vitamin D/day, as also suggested by
Bishoff-Ferrari [6]. A daily dose of 4,000 IU vitamin D3

has been reported to reduce bone resorption markers and
maintain formation markers in vitamin D-deficient post-
menopausal women, while both markers increased in the
placebo group [26]; unfortunately, BMD was not measured.
In the present study, the bone turnover markers CTX-1 and
P1NP were reduced in both treatment groups; however,
P1NP was significantly more reduced in the standard-dose
group. The reduction of both the formation and the
resorption markers was associated with improvement in
BMD, as a reflection of reduced bone turnover. This was

Table 5 Adverse events during the study in relation to organ system
affected

Organ system
affected

High-dose vitamin
D group (n=149)

Standard-dose vitamin
D group (n=148)

Gastrointestinal system 40 56

Respiratory system 20 34

Skin 17 16

Musculoskeletal system 77 70

Fractures 6 6

Urogenital system 16 18

Circulatory system 15 16

Nervous system 4 5

Endocrine system 35 35

Serum calcium
2.56–2.59 mmol/l

9 8

Serum calcium
≥2.60 mmol/l

9 4

Serum phosphate>
reference rangea

7 8

Miscellaneous 39 39

Total 263 287

a Upper reference range was 1.41 mmol/l when measured in plasma
and 1.50 mmol/l when measured in serum
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confirmed in predefined subgroup analyses, adding external
validity to the findings.

An increase in serum 1,25(OH)2D was observed in the
high-dose vitamin D group. Although toxic doses of 1,25
(OH)2D has long been known to induce bone resorption,
physiological doses are believed to have the opposite effect
by inhibiting PTH-induced bone resorption [27]. A recent
report from Anderson et al. showed that serum 1,25(OH)2D
levels were negatively correlated with bone CYP27B1
mRNA levels, indicating a reduction in autocrine and
paracrine 1,25(OH)2D activity in bone cells when renal
1,25(OH)2D production is high [28]. This might, therefore,
at least partly explain less effect of high-dose vitamin D on
bone turnover reduction, although we found no correlation
between change in serum 1,25(OH)2D and bone turnover
markers (data not shown).

Vitamin D toxicity, with hypercalcemia leading to
calcification of kidneys and blood vessels, is a frequently
discussed problem, and the risk of kidney stones is
increased with calcium and vitamin D therapy, as demon-
strated in the Women’s Health Initiative [29]. One partici-
pant in the high-dose group had an angiography done as
part of a cardiac evaluation of bradycardia (apparent before
start of study). During a concomitant PCI procedure, she
had sudden back pain and also hematuria. No kidney stones
were seen in a CT taken thereafter, but the diagnosis cannot
be excluded. In order to maintain safety, we measured
serum calcium and creatinine every third month during the
study. Increases in serum creatinine or serious or sustained
hypercalcemias were not observed in any of the treatment
groups.

Although several reviews conclude that vitamin D
toxicity is not seen before serum 25(OH)D exceeds 500–
750 nmol/l [8, 30, 31], the possibility that other adverse
health effects may occur below this limit needs careful
attention. Illustrating this point was the recently published
report from a study where 500,000 IU of vitamin D3 or
placebo were given annually for 3–5 years, and an increase
in both falls and fractures were seen in the treated group
[32]. The mechanisms for this observation is not clear, but
might be related to the peaks and falls in serum 25(OH)D
levels found with this dosing regime. Although the results
from our study on postmenopausal women with reduced
BMD cannot be extrapolated to the general population, our
results combined with the results of Sanders et al. [32]
underscore the need for evaluating possible long-term
deleterious effects on skeletal health when using high doses
of vitamin D.

In conclusion, combined with calcium 1,000 mg/day,
treatment with 6,500 IU vitamin D/day is not better than a
standard dose of 800 IU/day regarding BMD in postmen-
opausal women with reduced bone mass. This high dose
may be inferior to the standard dose in subgroups with

T-score>−2.5 or low serum PTH and seems less efficient in
reducing bone turnover. Further long-term intervention
studies with doses in between 800 and 6,500 IU/day are
needed to decide the optimal vitamin D treatment of reduced
bone mass in postmenopausal women.
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