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MINI-ABSTRACT  

   Rationale: To determine the effect of high-dose vitamin D3 supplementation on bone mineral 

density (BMD). Main result: Prediabetic males given vitamin D had significantly less reduction in 

BMD at the femoral neck compared to the controls. Significance: The clinical implications of our 

findings require further investigation. 

 

 

 

ABSTRACT 

   Purpose: Type 2 diabetes mellitus is associated with increased fracture risk and recent studies show 

crosstalk between bone and glucose metabolism. Few studies have investigated the effect of vitamin D 

supplementation on bone without additional calcium. In the present study, we aimed to determine 

whether a high dose of vitamin D3 could improve bone mass density (BMD) in prediabetic subjects. 

Methods: The current study was conducted as a secondary research on a previously performed trial, in 

which five hundred and eleven subjects with prediabetes were randomized to vitamin D3 (20 000 IU 

per week) versus placebo for five years. BMD was measured using dual-energy X-ray absorptiometry 

(DEXA). Results: Two hundred and fifty-six subjects were randomized to vitamin D and 255 to 

placebo. Mean baseline serum 25-hydroxyvitamin D (25(OH)D) level was 60 nmol/L. Two hundred 

and two and 214 in the vitamin D and placebo groups, respectively, completed BMD measurements, 

whereas one in each group was excluded due to use of bisphosphonates. Males given vitamin D had 

significantly less reduction in BMD at the femoral neck measurement site compared to the controls 

(0.000 g/cm
2
 versus -0.010 g/cm

2
, p=0.008). No significant differences between intervention groups 

were seen at the total hip measurement site, regarding both males and females. Conclusions: Vitamin 

D3 supplementation alone may be beneficial in males with prediabetes, but confirmatory studies are 

needed. 
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INTRODUCTION 

Diabetes mellitus is one of the world’s most common chronic diseases and overall prevalence 

among adults is estimated to increase in years to come [1,2]. Blood glucose is, however, continuous, 

and type 2 diabetes mellitus (T2DM) develops through a prediabetic stage, defined by impaired fasting 

glucose (IFG) and/or impaired glucose tolerance (IGT) [3,4]. Such modest disturbances of glucose 

metabolism may increase the risk of complications traditionally attributed to T2DM, such as 

retinopathy, nephropathy, myocardial infarctions and stroke, and both macro- and microvascular 

damage appear to precede the onset of overt disease [5,6].  

Recently, it has been argued that the effects of chronically elevated glucose levels on bone 

should be added to the more well-known complications of inadequately regulated glucose metabolism 

[7]. This is in line with the growing evidence of increased fracture risk in patients with T2DM, 

although these individuals are reported to have higher bone mineral density (BMD) than non-diabetic 

subjects [8-10]. It has been hypothesized that the accumulation of advanced glycation end products, 

impaired bone healing and altered body composition, as well as an increased production of non-

enzymatic cross-links within collagen fibres, have a negative impact on bone matrix properties [7]. 

Despite these findings, a recent meta-analysis exploring correlations of abnormal glucose metabolism, 

reported no significant correlations with neither BMD nor with bone metabolism [11]. However, the 

increased propensity to fractures in patients with abnormal glucose metabolism may be caused by less 

apparent qualitative changes [12]. The notion of bone being a true endocrine organ and an important 

regulator of whole-body glucose metabolism [13,14] further complicates the relationship. In any case, 

improved bone health would be considered beneficial.  

Vitamin D deficiency has been linked to both high blood glucose levels, insulin resistance and 

greater risk of developing T2DM, although so far, the results of large RCTs do not support a causal 

relationship [15]. The role of vitamin D in maintenance of a healthy, mineralized skeleton through 

regulation of calcium and phosphate homeostasis is, however, well known.  Moreover, vitamin D may 

contribute to improved bone health independent of its role in calcium homeostasis.  

The active metabolite, 1,25-dihydroxyvitamin D (1,25(OH)2D), has been suggested to exert 

local autocrine and paracrine regulation of bone turnover, in which 1,25(OH)2D can stimulate both 

bone formation and resorption [16,17]. Locally produced 1,25(OH)2D is important for an optimized 

communication and coupling mechanism between osteoblasts and osteoclasts [18], as well as in 

osteoblast differentiation of human bone marrow cells [19,20]. Moreover, 1,25(OH)2D seems to affect 

secretion of osteoprotegerin from mature osteoblasts [21], and both the vitamin D receptor and the 

enzyme necessary for activation of 25(OH)D to 1,25(OH)2D, CYP27B1 (1-alphahydroxylase), are 

present in bone cells [16]. However, vitamin D may directly inhibit mineralization of bone through 

increased local pyrophosphate concentrations [22], and the vitamin D induced secretion of 

osteoprotegerin from osteoblasts has, together with RANKL, been suggested to stimulate 

osteoclastogenesis, thereby increasing bone resorption [23]. The latter also applies in states of vitamin 
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D deficiency where secondary hyperparathyroidism arises, followed by a stimulated production of 

RANKL and osteoclastogenesis. Thus, vitamin D may exert biphasic effects, although consensus 

regarding this matter is yet to be reached.   

In the present study, we hypothesized that supplementation with vitamin D could increase 

BMD in subjects with prediabetes, and thereby exert a preventive effect on fracture risk in this 

potentially exposed group. 

 

METHODS 

Study design 

The design of the study, where the main intention was to evaluate vitamin D for the prevention 

of T2DM, has been described in detail before [15,24]. In short, prediabetic subjects (IFG (fasting 

serum glucose 6.0-6.9 mmol/L) and/or IGT (fasting serum glucose < 7.0 mmol/L and 2-h value 7.8-

11.0 mmol/L at oral glucose tolerance test (OGTT) with 75g glucose)) were included. Subjects were 

of both sexes, aged 25-80 years old. Most of them were recruited after participation in the sixth survey 

of The Tromsø Study (2007-2008) where 4393 subjects with haemoglobin A1c (HbA1c)
 
in the range 

5.0%-6.9% (39.9-51.9 mmol/mol) and not previously diagnosed with diabetes, were invited to an 

OGTT, which was completed in 3476 subjects. Among these, 713 had IFG and/or IGT and were 

invited by letter to participate in the present study. In addition, a few other subjects were invited based 

on follow-up OGTTs performed in participants in previous studies [25,26]. Subjects with primary 

hyperparathyroidism, granulomatous disease, history of urolithiasis, cancer diagnosed in the past five 

years, unstable angina pectoris, myocardial infarction or stroke in the past year were excluded. 

Pregnant or lactating women, or women of fertile age with no use of contraception, were not included. 

At the first visit, a brief clinical examination was performed, and questionnaires were filled in. 

The latter included questions on medical history and use of dietary supplementations. Height and 

weight were measured wearing light clothing. Fasting blood samples had been collected at the OGTT, 

and supplementary non-fasting blood samples were drawn at this first visit in the study. In all subjects, 

BMD was measured at baseline and at their last visit in the study with dual-energy X-ray 

absorptiometry (DEXA) (GE Lunar Prodigy, Lunar Corporation, Madison, WI, USA) at the femoral 

neck and total hip measurement site. The scanner was calibrated daily against the standard calibration 

block supplied by the manufacturer (aluminium spine phantom), and these measurements showed no 

drift throughout the study. The subjects were then randomized (non-stratified) in a 1:1 ratio to one 

capsule vitamin D3 (cholecalciferol 20 000 IU per week (Dekristol; Mibe, Jena, Germany)) or an 

identical looking placebo capsule containing arachis oil (Hasco-Lek, Wroclaw, Poland). New 

medication was supplied every sixth month and unused capsules were returned and counted. The 

subjects were instructed not to take vitamin D supplements (including cod liver oil) exceeding 400 IU 

per day during the study. 
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For the next five years, the subjects met annually for new OGTTs, supplemental serum 

sampling, and height, weight and blood pressure measurements. As part of a safety monitoring serum 

calcium and creatinine were measured every sixth month, in between annual visits. At the annual 

visits, all subjects were asked to fill in the same questionnaires as at the baseline visit. Adverse events 

were specifically asked for at all visits. 

If at the annual OGTT the fasting blood glucose was > 6.9 mmol/L and/or the 2-h value > 11.0 

mmol/L the subject was considered to have T2DM, thus ending their participation in the study. These 

subjects were thereafter retested (if necessary) and followed by their general practitioner. HbA1c was 

implemented in the present study as a diagnostic criterion from November 2012 [15], and thereafter 

subjects were retested with a new HbA1c measurement if HbA1c alone was  6.5%. If still  6.5% after 

retest, subjects were diagnosed with T2DM, thereby ending their participation. Also, if diagnosed 

elsewhere with T2DM in between visits, participation in the study was ended.  

Subjects with persistent measurements of serum calcium > 2.55 mmol/L were excluded, as 

well as subjects who developed renal stones, or symptoms compatible with renal stones. In the initial 

protocol, subjects who during the study were diagnosed with cancer, coronary infarction, unstable 

angina pectoris, or stroke, were to be excluded from the study. From October 2011, this was changed 

to exclusion of subjects who during the study developed serious disease making it difficult or 

impossible to attend scheduled visits.  

Biochemical analyses including serum 25(OH)D were analysed using the gold standard LC-

MSMS method, as previously described [15].  

 

Statistical analyses 

Normal distribution was evaluated by visual inspection of histograms, and by kurtosis and 

skewness. Log transformation was performed where appropriate. Comparisons of intervention groups 

at baseline were performed with Students t-test for continuous variables, Pearson’s chi-square test for 

categorical variables and Mann-Whitney U-test for variables with a non-normal distribution. For 

BMD, the mean value of left and right measures was used for statistical analyses (when both values 

could be obtained). If only one side could be measured, this value was chosen to represent the mean 

value. Initially, measurements were to be classified as normal if corresponding to a T-score  -1.0, and 

if corresponding to a T-score between -1.0 and -2.5 or  -2.5 as osteopenic or osteoporotic, 

respectively [27]. However, since no male subjects and only very few female subjects presented with 

osteoporotic T-scores, all subjects with T-scores < -1.0 were classified as osteopenic. Participants 

reporting use of bisphosphonates during the study were excluded from all statistical analyses. 

Predictors of baseline BMD were evaluated with multiple linear regression, applying forced entry on 

all predictor variables. Regarding change in BMD (delta values calculated as BMD at the last visit in 

the study minus BMD at baseline), comparison of the vitamin D and the placebo group was done 

using Students t-test. If significant, change in BMD was further tested with a linear regression model 
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adjusting for baseline values [28], observation time and variables significantly predicting BMD at 

baseline (Table 2). All subgroups were analysed likewise. The incidence of fractures during the study 

in the vitamin D and the placebo group was tested with a binary logistic regression analysis, adjusted 

for age and BMI.  

A power calculation was made for the main endpoint (development of T2DM) [15], but a 

separate power calculation regarding BMD was not made. All tests were done two-sided and p < 0.05 

was considered statistically significant. 

Statistical analyses were performed per protocol, using SPSS software version 24 (IBM Corp, 

Chicago, IL).  

 

Ethics 

Written informed consent for participation in the study was provided by all subjects who 

accepted the invitation. The study was approved by the Regional Committee for Medical Research 

Ethics (REK NORD 81/2007) and by the Norwegian Medicines Agency (2007-002167-27). The trial 

is registered at ClinicalTrials.gov (NCT00685594). 

 

RESULTS 

A total of 511 subjects were included in the main study on prevention of T2DM. Ninety-five 

subjects were excluded due to missing baseline and/or final BMD measurements, and an additional 

two subjects were excluded due to use of bisphosphonates, thus leaving 414 subjects (201 given 

vitamin D and 213 given placebo) for the BMD analyses in the present study. Among these, one 

hundred and eleven in the vitamin D group and 109 in the placebo group completed the five-year 

intervention period. The flow of the study is shown in Figure 1. Median observation time was 59 

months in both male intervention groups (p=0.738), while a non-significant difference in observation 

time was found in the female intervention groups with a median of 59 months in the vitamin D group 

versus 48 months in the placebo group (p=0.177). 

Baseline characteristics of the study participants are shown in Table 1, and no significant 

differences between the vitamin D and the placebo group were observed. The baseline serum 

25(OH)D levels were 59.7 ± 22.0 nmol/L in the vitamin D group and 61.5 ± 20.4 nmol/L in the 

placebo group. During the five-year intervention, mean serum 25(OH)D levels in the vitamin D group 

increased to 114.7 ± 27.4 nmol/L, whereas only minor changes were observed in mean serum 

25(OH)D levels in the placebo group, as shown for males in Figures 2 and 3. After one year, median 

serum PTH fell from 5.3 ± 2.1 mol/L to 5.0 ± 1.8 mol/L in the vitamin D group, in contrast to an 

increase from 5.1 ± 2.1 mol/L to 5.2 ± 2.2 mol/L in the placebo group (p=0.005). A similar 

difference persisted throughout the study, both in men and women. The compliance rate was between 

95% and 99% at all visits in both groups. 

https://clinicaltrials.gov/ct2/show/NCT00685594?term=NCT00685594&rank=1
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The baseline characteristics of the 97 subjects excluded due to missing BMD measurements 

can be found in Supplemental Table 1. Among these, there were no significant differences between the 

55 subjects given vitamin D and the 42 subjects given placebo. Nor were there any significant 

differences between the included (414 subjects) and the excluded (97 subjects) at baseline.   

Among the entire study population, a total of 3885 adverse events were recorded during the 

five-year intervention period, with no significant differences between intervention groups. Adverse 

events and side effects, including serious and/or calcium-specific events, have been described in detail 

before, and no serious side effects related to the intervention were recorded [15]. In the present study, 

we looked specifically at incident fractures. A total of twenty-two fractures were recorded among the 

subjects with valid BMD measurements, of which nine were in men. Of these nine, three fractures 

were recorded in the vitamin D group, against six in the placebo group. There was no significant 

difference in the number of fractures between the vitamin D group and the placebo group (adjusting 

for age, weight and height); neither in general (p=0.868) nor in stratified analyses (males, p=0.384 

versus females, p=0.249).  

 

BMD measurements 

There was a non-significant trend (p=0.06) for interaction between gender and treatment 

versus BMD at the femoral neck site, and we therefore chose to compare intervention groups 

regarding change in mean BMD separately for men and women. Body mass index (BMI) and tobacco 

use were found to significantly predict baseline BMD at the femoral neck and total hip measurement 

site in both sexes. Age significantly predicted baseline BMD at the femoral neck and total hip in 

females, whereas predicting baseline BMD only at the femoral neck measurement site in in males. 

Additionally, baseline BMD in males was significantly predicted by serum calcium, PTH and 

creatinine at both measurement sites (Table 2). There were no statistically significant differences in 

baseline BMD in the vitamin D and placebo group neither at the femoral neck, nor at the total hip 

(Table 3).  

In males given vitamin D there was no reduction in BMD at the femoral neck from baseline to 

the last visit in the study, values being 0.974 g/cm
2
 at both visits respectively (Table 3). With 

adjustment for baseline BMD, observation time and statistically significant predictors of baseline 

BMD (Table 2) this change differed significantly (p=0.008) from that in the placebo group, of which 

corresponding values were 0.984 g/cm
2
 at baseline and 0.973 g/cm

2
 at the final visit (Table 3). At the 

total hip measurement site a marginal difference was found between males given vitamin D versus 

placebo (an increase from 1.063 g/cm
2
 at baseline to 1.065 g/cm

2
 at final measurement in the vitamin 

D group versus a reduction from 1.078 g/cm
2
 to 1.075 g/cm

2
 in the placebo group). However, this 

difference did not reach statistical significance (p=0.130).  

Regarding females, no significant differences were found between the two groups at either 

measurement site (Table 3). 
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Subgroup analyses 

A subgroup analysis was performed to investigate whether a more pronounced effect of 

vitamin D on BMD could be detected if including only subjects with 25(OH)D levels below 50 

nmol/L. Thus, 68 subjects (47 males) in the vitamin D group and 63 (40 males) in the placebo group 

had serum 25(OH)D levels < 50 nmol/L at baseline (Supplemental Table 2). There were no significant 

differences between the intervention groups at baseline, and although the same trend was observed, 

with a marginal increase in BMD during the study among the males given vitamin D (data not shown), 

the difference versus the placebo group did not reach statistical significance (p=0.072).  

Due to the unique opportunity of investigating the effect of vitamin D supplementation on 

BMD without any supplemental dietary calcium, an additional subgroup analysis was performed, 

excluding users of calcium supplements at baseline and during the study. This analysis rendered 177 

subjects (116 males) in the vitamin D group and 177 subjects (118 males) in the placebo group. The 

two groups were similar at baseline (Supplemental Table 3), and statistical regression analyses 

rendered the same results as in the main analyses regarding predictors of baseline mean BMD. Also, a 

statistically significant interaction term persisted between gender and intervention (p=0.048), and 

stratified linear regression analyses produced the same results as when calcium users were included, 

with a statistically significant change in BMD at the femoral neck in men (p=0.019), but not at other 

measurement sites and with no significant effects in women (data not shown).  

Moreover, to investigate whether the difference between the vitamin D and the placebo group 

differed depending on their prediabetes-diagnosis, the cohort was split into three groups including 

those with 1) elevated fasting blood glucose only (6.0-6.9 mmol/L), 2) elevated 2-h values only (7.8-

11.0 mmol/L), and 3) elevated measurements of both fasting and 2-h values of blood glucose. The 

sub-cohorts were then analysed separately (applying the same statistical methods as in the main 

analyses) comparing delta BMD at the femoral neck and total hip in the vitamin D versus the placebo 

group. However, as the results were non-significant, these data are not shown. 

Finally, subgroup analyses including only subjects with T-scores < -1.0 were also carried out, 

however, few subjects were eligible for such analyses (Table 1) and no significant effects was detected 

at either measurement site (data not shown).  

 

DISCUSSION 

In the present study, we hypothesized that supplementation with vitamin D could increase 

BMD in subjects with prediabetes, and we found a small, but significant positive effect of vitamin D 

supplementation on femoral neck BMD in males. To our knowledge, this has not been shown before. 

At the total hip measurement site a positive, but non-significant effect was found. In the females, the 

vitamin D and the placebo group did not differ significantly.  
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To our knowledge there has only been a few other RCTs where the effect on BMD of vitamin 

D given alone has been studied. Thus, in the review and meta-analysis by Reid et al. in 2014 [29], 23 

studies were identified where the interventions differed only in vitamin D content. However, vitamin 

D was given alone without calcium or other co-interventions in only seven studies, and among these, 

none but three included males. Of the studies including males; one included 50 subjects randomized to 

300 000 IU vitamin D per year [30], and was excluded from the meta-analysis because of a nine year 

age difference between the intervention groups; another included 173 subjects randomized to 400 IU, 

800 IU or placebo over 12 months where a non-significant positive effect at the lumbar spine and a 

significant negative effect at total BMD was found, however, not including measurements at the 

femoral neck [31]; and the third study was excluded due to not available nor obtainable quantitative 

data in the original publication [32]. As far as we are concerned, there has not been any studies with 

vitamin D alone that has included males published since 2014, and therefore it is fair to say that this 

has not been properly examined before.  

In the present study, a positive effect of vitamin D supplementation was found only at the 

femoral neck measurement site. The femoral neck contains more cortical bone than what is included in 

the total hip measurement. Cortical bone is metabolically less active than trabecular bone [33], and 

previous studies have shown that cortical bone is also less responsive to treatment than trabecular bone 

[34]. However, in the case of vitamin D deficiency, the secondary hyperparathyroidism causes bone 

loss mainly at cortical sites [35], and suppression of PTH, as was seen in our vitamin D group, could 

be the explanation for the BMD increase in the femoral neck. This was also found in the study by 

Ooms et al. [36] where vitamin D3 400 IU/d vs placebo led to an increase of femoral neck BMD of 2 

% after 2 years, while there was no change at the trochanter. Moreover, these observations fit with the 

conclusion in the review by Reid et al. [29], in which a small, but significant effect was found at the 

femoral neck, but not at other measurement sites.  

Yet, some limitations of our study ought to be considered. First, change in BMD was not the 

primary endpoint; thus, the study design may not have been appropriate. The inclusion criteria 

(IFG/IGT) favoured subjects with high BMI, which is traditionally observed to have higher BMD due 

to mechanical loading and estrogen production via adipocyte aromatization [37]. Moreover, only a 

small number of subjects presented T-values corresponding with osteopenia, and accordingly, major 

improvements in BMD may therefore not have been likely. The influence of adipose tissue on bone 

metabolism is, however, not yet settled as recent studies indicate an inverse association between 

increased adiposity and low total BMD and total bone mineral content [38]. Additionally, studies have 

shown that T2DM patients are at higher risk of fracture when they have incorrectly treated glucose 

levels [7]. Thus, an effect of vitamin D on fracture risk may have been shadowed in the present trial, 

as it was originally designed to remove all subjects developing T2DM.  

Second, low serum 25(OH)D level was not an inclusion criteria at baseline, resulting in a wide 

range of serum 25(OH)D levels among the study participants. Baseline serum 25(OH)D levels were 
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relatively high in the study population, and thus, one might not expect major effects of further 

supplementation with vitamin D. Nevertheless, a small positive effect on BMD was observed in men. 

Moreover, subgroup analyses of data from subjects with baseline serum 25(OH)D levels below 50 

nmol/L did not show significant effects; however, this might be explained by lack of statistical power, 

as the subgroup consisted of only a small number of subjects.  

Third, length of intervention also varied among the study participants, with approximately 

53% completing the five-year trial. In short, median observation time was the same in the vitamin D 

group compared to the placebo group in males, while being longer in the female vitamin D group 

compared to placebo. However, BMD was found to increase in the male vitamin D group only, and 

when comparing median observation time between intervention groups, differences were non-

significant for both men and women. 

Fourth, the effect of vitamin D supplementation on BMD was not observed in both sexes. 

However, sexual dimorphism is not a new nor surprising finding when it comes to skeletal physiology 

and bone metabolism [39]. On average, men are taller, have larger amounts of muscle mass and lower 

body fat percentage, as well as having greater peak bone mineral content and peak trabecular bone 

volume [40-43]. The establishment of gender differences in cortical and trabecular bone is found to be 

regulated by androgen and estrogen bioactivity, through a dual mode of action of testosterone on 

cortical and trabecular bone via both the androgen receptor and estrogen receptor alpha [37]. If 

regulation of bone turnover in women operate through more complex mechanisms than in men, these 

mechanisms might override potential effects of vitamin D supplementation on bone in women. 

However, information regarding history of use and/or current use of hormonal drugs was not available 

in the present study, and adjustments for these factors was therefore not made. 

Finally, the proportion of variance of BMD explained (R
2
) by the models in our analyses were 

rather small, and the clinical implications of our findings may be of modest importance. A small 

increase in BMD does not necessarily mean successful prevention of falls and/or fractures, as the 

reduction in bone strength is not only determined by BMD, but also by bone dimensions, 

microstructure, and material properties [37]. DEXA is a projectional (two-dimensional) technique, and 

thus, cannot truly differentiate between cortical and trabecular bone. Therefore, such measures of bone 

health cannot assess the less apparent qualitative changes that may be present due to impaired glucose 

metabolism. Unfortunately, measurements with techniques allowing a three-dimensional assessment 

of bone structure and microarchitecture, such as peripheral quantitative computed tomography (pQCT) 

scanning, was not available in the present study. 

However, the study has some strengths, as it is the largest, longest-running, published RCT 

with vitamin D as the only intervention, and both dosage and length of intervention ought to have been 

sufficient in order to detect an actual effect on BMD.  

In conclusion, we have found a positive effect of vitamin D on BMD in males, but 

confirmatory studies are needed, preferably with change in BMD as the primary endpoint, and levels 
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of 25(OH)D below 50 nmol/L as inclusion criterion. Additionally, evaluating bone properties with 

other techniques, such as high-resolution pQCT, may provide valuable insights.  
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LEGENDS TO FIGURES  

 

 

Fig. 1 Flowchart of the study 

 

 

Fig. 2 Mean serum 25(OH)D levels during the study in the 125 males in the vitamin D group and the 

131 males in the placebo group. Error bars represent 1 SD. * p < 0.001 vs the control group with 

Students t-test 

 

 

Fig. 3 Mean delta BMD (calculated as BMD at the last visit in the study minus BMD at baseline) at 

the femoral neck measurement site in the male intervention groups stratified by length of intervention. 

The number on top of the bars represent the number of participants in each subgroup. Error bars 

represent 1 SD.  
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