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Inhaled corticosteroids may have a beneficial effect on bone metabolism in newly diagnosed asthmatic children
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Background: The adverse effect of inhaled corticosteroids (ICS) treatment on bone metabolism in children with asthma is still controversial, and a possible beneficial effect of vitamin D added to ICS on bone turnover is uncertain.

Objective: We conducted a randomized, double-blind, parallel-group, 6-month trial to assess the effects of a medium and high dose of ICS and a high-dose ICS with vitamin D on bone metabolism in children with newly diagnosed atopic asthma.

Methods: 96 children were equally randomized to 4 groups receiving the following doses of inhaled budesonide [µg/day]: 400 (ICS 400 group), 800 (ICS 800 group), 800 with oral vitamin D (ICS 800 with vit D group), and montelukast as a control (control group). Markers of bone production (osteocalcin, alkaline phosphatase) and bone degradation (amino-terminal cross-linked telopeptide of type I collagen -NTx, carboxy-terminal telopeptides of type I collage), and also concentration of 25 hydroxycholecalciferol (25OH D) and calciumphosphorus balance (calcium, phosphorus, parathormon-PTH) in serum and/or urine were assessed twice: before and after 6 months of treatment.

Results: We obtained a significant decrease in phosphorus and PTH serum levels in ICS 400 and ICS 800 with vit D groups compared to control group, and a significant decrease of NTx urine level in ICS 800 with vit D group.

Conclusions: Medium doses of inhaled corticosteroids exert an advantageous effect on bone metabolism in newly diagnosed asthmatic children. Vitamin D together with a high dose of inhaled corticosteroids has a beneficial effect on both calcium-phosphorus balance and collagen turnover.

Introduction

According to international treatment consensuses, inhaled corticosteroids (ICS) are considered the optimal treatment of asthma in children [START_REF]Global Strategy for Asthma Management and Prevention. Global initiative for astma, Global Initiative for Asthma (GINA)[END_REF][START_REF] Bacharier | Diagnosis and treatment of asthma in childhood: a PRACTALL consensus report[END_REF]. Whereas it is widely known that the side effects of systemic glucocorticoids (CS) influence bone mineral density and fracture risk [START_REF] Canalis | Mechanism of glucocorticoid action on bone[END_REF][START_REF] Van Staa | Children and the risk of fractures caused by oral corticosteroids[END_REF], the influence of ICS on bone metabolism is still controversial. The systemic effects of ICS may be caused by their absorption into systemic circulation [START_REF] Mortimer | Effects of inhaled corticosteroids on bone[END_REF][START_REF] Rizzo | Inhaled corticosteroids In the treatment of respiratory allergy: safety vs. Efficacy[END_REF]. All ICS are partly swallowed and then absorbed from the gastrointestinal tract where they are subject to firstpass metabolism in the liver. For instance, bioavailability of budesonide is 11%, while that of fluticasone and ciclesonide 1%; therefore, they can cause very few systemic effects [START_REF] Rizzo | Inhaled corticosteroids In the treatment of respiratory allergy: safety vs. Efficacy[END_REF][START_REF] Pedersen | Do inhaled corticosteroids inhibit growth in children?[END_REF]. It is uncertain whether ICS have an effect on bone turnover. The low and moderate doses of ICS -budesonide < 400 µg, fluticasone < 200 µg, ciclesonide< 160 µg, seem to minimally influence bone metabolism, but long-term therapies, especially with high doses, need to be further examined [START_REF]Global Strategy for Asthma Management and Prevention. Global initiative for astma, Global Initiative for Asthma (GINA)[END_REF][START_REF] Rizzo | Inhaled corticosteroids In the treatment of respiratory allergy: safety vs. Efficacy[END_REF][START_REF] Pedersen | Do inhaled corticosteroids inhibit growth in children?[END_REF]. The best method of evaluating long-term ICS influence on bone is the measurement of bone mineral density, whereas the short-term impact can be estimated by assessing changes in collagen production markers [START_REF] Bartkowiak-Emeryk | Effectiveness and safety of fluticasone propionate in therapy of children suffering from asthma. Part II. Safety aspects of therapy with fluticasone propionate in asthmatic children[END_REF][START_REF] Fares | Effect of gender, puberty, and vitamin D status on biochemical markers of bone remodedeling[END_REF]. Moreover, the markers of bone formation (e.g. osteocalcin, alkaline phosphatase) and resorption (e.g. amino-terminal crosslinked telopeptide of type I collagen -NTx, carboxy-terminal telopeptides of type I collagen sCTx) should be measured simultaneously. Additionally, calcium-phosphorus metabolism should also be taken into account [START_REF] Bartkowiak-Emeryk | Effectiveness and safety of fluticasone propionate in therapy of children suffering from asthma. Part II. Safety aspects of therapy with fluticasone propionate in asthmatic children[END_REF][START_REF] Reilly | Bone density in asthmatic children treated with inhaled corticosteroids[END_REF]. Supplementation with vitamin D has been recommended in order to protect bone turnover from side effects during systemic steroid therapy [START_REF]Recommendations for the prevention and treatment of glucocorticoid-induced osteoporosis: 2001 update. American College of Rheumatology Ad Hoc Committee on Glucocorticoid-Induced Osteoporosis[END_REF]. Additionally, it has been shown that the use of corticosteroids as well as worsening airflow limitation are associated with lower vitamin D serum levels in asthmatic patients, and vitamin D insufficiency is associated with higher odds of severe exacerbation [START_REF] Searing | Decreased serum vitamin D levels in children with asthma are associated with increased corticosteroid use[END_REF][START_REF] Brehm | Serum vitamin D levels and severe asthma exacerbations in the Childhood Asthma Management Program study[END_REF].

We measured the concentrations of osteocalcin, alkaline phosphatase, calcium, phosphorus, parathormon (PTH), 25-hydroxycholecalciferol (25OH D), creatinine, NTx, and sCTx in serum and/or urine of children with newly diagnosed atopic asthma in order to assess the effect of a 6-month treatment with different doses of inhaled steroids on bone metabolism.

We hypothesized that the addition of vitamin D to ICS would prevent abnormal bone metabolism.

Material and Methods

Patient Recruitment and Eligibility Criteria

96 children (30 girls and 66 boys), from 5 to 18 years of age (mean±SD 11.5±3.3 yr), with newly diagnosed asthma and sensitive only to house dust mites (Dermatophagoides pteronyssimus or/and Dermatophagoides farinae) were recruited from our Allergy Clinic Center. For the purposes of the study, skin prick tests (Allergopharma, Germany) for standard allergen extracts were performed; a mean wheal diameter of ≥3 mm at 15 min was defined as a positive response. Diagnosis of asthma was established on the basis of the symptoms of asthma and an improvement in the prebronchodilator FEV 1 of ≥12% after administration of salbutamol (200µg) [START_REF]Global Strategy for Asthma Management and Prevention. Global initiative for astma, Global Initiative for Asthma (GINA)[END_REF].

The main exclusion criteria included: treatment during the previous 6 months with an oral, inhaled or intranasal corticosteroid and supplementary vitamin D (or any vitamin supplements); a history of fractures in the last two years before the trial. Children with severe/moderate asthma exacerbation requiring systemic corticosteroids were excluded.

Other exclusion criteria were conditions such as pregnancy, obesity (BMI>30kg/m2) and chronic diseases. Obesity was included in the exclusion criteria since it is a risk factor for vitamin D deficiency. Patients receiving immunotherapy were also excluded. All children participated in normal sport activities at school and in leisure hours. The study was approved by a Polish ethics committee and conducted in accordance with international guidelines issued by The European Commission and the Declaration of Helsinki. Written consent from the patients and their parents was obtained.

Study design

This was a randomized, double-blind, parallel-group, 6-month trial studying the effects of different doses of inhaled budesonide and montelukast on bone metabolism in children with newly diagnosed asthma. The participants received: budesonide 800 µg/day given as dry powder-400 µg twice daily, budesonide 800 µg/day given as dry powder-400 µg twice daily and vitamin D as one tablet containing 500 IU cholecalciferol, budesonide 400 µg/day given as dry powder-200 µg twice daily (Pulmicort Turbuhaler, AstraZeneca, Sweden), montelukast as a 5mg or 10 mg tablet according to age (Singulair, MSD, USA).

There were 2 main study visits and 2 additional interviewing visits. The first visit was scheduled between September 2007 and February 2008. The patients were informed of the aim of the study and were told how to use the inhalers and how to complete The Asthma Therapy Assessment Questionnaire for children (ATAQ) [START_REF] Skinner | The Asthma Therapy Assessment Questionnaire (ATAQ) for children and adolescents[END_REF]. The Control Domain of ATAQ tool in the original version (translated into Polish) was used.

At the first visit, the patients were randomized according to a computer-generated allocation schedule for different treatment with the following: The second visit took place after 6 months of treatment. The subject's Asthma Therapy Assessment Questionnaire was evaluated monthly.

At the first and second visit, blood and urine sampling for measurement of bone and calciumphosphorus metabolism in individual patients took place at the same time, between 9am and 12pm, before the morning dose of ICS.

During the additional interviewing visits (after 2 and 4 months from the first visit) ATAQ scores were collected and evaluated for each month separately. Compliance with asthma medication was checked -the patients were asked to bring all used and unused medication to each follow-up visit. 

Laboratory tests

Statistical analysis

The results were analyzed according to well-tried statistical methods by using StatSoft Statistica for Windows, release 6.0 (StatSoft, Inc., Tulsa, USA). To determine differences within the groups, Student's t-test was used. ANOVA with the Tukey-Kramer's post hoc test were used to compare changes in response to treatment between the groups as well as to determine differences within each group. Post-hoc power estimation was based on the observed variance and the pre-determined relevant difference. Between-group differences greater than a single standard deviation of each bone marker in reference distribution were arbitrary pre-defined as relevant.

Variables exhibiting a heavily skewed distribution werem compared within groups using Wilcoxon test and compared between the groups using Kruskal-Wallis test followed by post hoc multiple comparisons with the Dunn's test. The study was designed to have 95% power (for 20 completing patients per treatment arm) to detect a difference between corticosteroid and control group of 20% in one of the serum/urine markers of bone metabolism, on the assumption that variability was similar to that observed in previous study [START_REF] Bartkowiak-Emeryk | Effectiveness and safety of fluticasone propionate in therapy of children suffering from asthma. Part II. Safety aspects of therapy with fluticasone propionate in asthmatic children[END_REF][START_REF] Fares | Effect of gender, puberty, and vitamin D status on biochemical markers of bone remodedeling[END_REF]. An allowance was made for 20% dropout rate.

Results

All ninety-six patients completed the study. The characteristics of the patients are presented in Table 1. At the beginning of the study, there were no statistical differences between the treatment groups regarding any of the study end-points. Quartile range for ATAQ score from 3 to 4 means that 75% of the participants: had wheezing or a difficulty breathing when exercising and/or not exercising, woke up at night with wheezing or a difficulty breathing, missed days of school because of the symptoms. We carried out the analysis in two steps. In the first step, we analyzed differences within the groups (Table 2). We showed a significant decrease in phosphorus and PTH serum levels in ICS 400 and ICS 800 with vit D groups and a significant decrease of NTx urine level in ICS 800 with vit D group. In the control group, a significant increase in phosphorus and a decrease in 25OH D serum levels were observed.

In the second step, we analyzed the differences between the groups. Compared with ICS 800 and the control group, serum concentration of phosphorus and PTH (Table 3, Figure 2) significantly decreased in ICS 400 and ICS 800 with vit D groups. There were no significant differences between ICS 400 and ICS 800 with vit D nor between ICS 800 and the control group with regard to serum concentration of phosphorus and PTH. We also observed a significant decrease of NTx urine level in ICS 800 with vit D group when compared to ICS 800 group. There were no differences in other studied parameters between the groups. To exclude age variable we checked for linear and non-linear correlation between the changes observed in all tested parameters and the age of the participants. The results of the above analysis showed that our findings were not affected by age.

After 6 months of treatment with different doses of inhaled budesonide and montelukast, asthma control and lung function significantly improved in all groups of treatment; there were no differences between the groups. There were no severe/moderate asthma exacerbations requiring systemic corticosteroids during the treatment period in any of the participants.

Thirty three cases of asthma exacerbation were preceded by symptoms of an acute respiratory infection; short-acting beta-2 agonists and antibiotics (if appropriate) were implemented; none of our patients required hospitalization or intensification of antiasthma therapy during the study.

Additionally, we conducted an analysis of correlations between the changes in the markers of bone metabolism and the individual clinical response to the treatment within all study groups.

We found a significant correlation between the reduction in ATAQ score and the changes in phosphorus and 25OH D serum levels within the control group only. We found that children with a lower reduction in ATAQ score had a higher increase in phosphorus (R=-0,48; p=.032) and a higher decrease in 25OH D (R=0.51; p=.012) after 6 months of treatment with montelukast.

Discussion

This study was the first randomized, controlled trial showing favorable effect of ICS treatment on bone metabolism in symptomatic children with newly diagnosed asthma who were starting their first period of maintenance medication. We found that a medium dose of inhaled corticosteroids alone and a high dose of ICS with vitamin D interfere favorably with bone turnover as shown by a significant reduction in serum phosphorus and PTH concentration and NTx reduction in the urine of our patients. Our study produced surprising results: there were changes in serum concentrations of phosphorus and PTH in the ICS 400 and ICS 800 with Vitamin D but not in ICS 800; furthermore, there were changes in the montelukast-treated group. We propose a theory providing an explanation of the occurrence of such changes. We may suspect that apart from a direct steroid effect, calcium-phosphorus balance can be modulated by asthma control. Therefore, in children with newly diagnosed asthma, starting treatment with steroids results in a better asthma control followed by an increase in physical activity and a beneficial effect on calcium-phosphorus balance. We can speculate that the ICS 800 group was over-treated and beneficial effects of asthma control were inhibited by a direct adverse effect of a high-dose steroid on calcium-phosphorus balance. The results from the montelukast group seem to confirm our hypothesis concerning the parallel effects of asthma control and a steroid dose on calcium-phosphorus metabolism.

Other studies of children treated with ICS reported normal bone mass or density and blood markers of bone metabolism [START_REF] Pedersen | Growth, systemie safety, and efficacy during 1 year of asthma treatment with different beclomethasone dipropionate formulations: an open-label, randomized comparison of extrafine and conventional aerosols in children[END_REF][START_REF] Griffiths | Effect of highdose fluticasone propionate on bone density and metabolism in children with asthma[END_REF][START_REF] Kelly | Growth and bone density in children with mild-moderate asthma: a cross-sectional study in children entering the Childhood Asthma Management Program (CAMP)[END_REF]. Cochrane Airways Group metaanalysis found no effect of 2-3 years of inhaled corticosteroids on biochemical markers of bone turnover, BMD, or fractures [START_REF] Jones | Inhaled corticosteroid effects on bone metabolism in asthma and mild chronic obstructive pulmonary disease[END_REF]. Some studies showed that ICS reduced BMD, influenced bone remodeling markers and increased the fracture risk [START_REF] Allen | Effects of high-dose inhaled corticosteroids on bone metabolism in prepubertal children with asthma[END_REF][START_REF] Kannisto | Biochemical markers of bone metabolism in relation to adrenocortical and growth suppression during the initiation phase of inhaled steroid therapy[END_REF][START_REF] Crowley | Collagen metabolism and growth in prepubertal children with asthma treated with inhaled steroids[END_REF]. A fear of adverse systemic effects of ICS can be still observed. Unfortunately, this fear results in some children being deprived of an appropriate and effective treatment or even exposed to a greater risk of periodic oral corticosteroid treatment [START_REF] Allen | Effects of inhaled steroids on growth, bone metabolism, and adrenal function[END_REF]. One study reports that medium doses of ICS given to corticoidnaive children with uncontrolled asthma may sometimes favorably affect bone remodeling probably because of the changes in physical activity or diet and an improvement in disease control [START_REF] Agertoft | Bone mineral density in children with asthma receiving long-term treatment with inhaled budesonide[END_REF]. The authors conclude that a suitable treatment and the maintenance of asthma control could enable patients to take regular exercise and further protect them against osteoporosis. Moreover, the better the control of asthma symptoms, the lower the exposure to oral corticosteroid [START_REF] Allen | Effects of inhaled steroids on growth, bone metabolism, and adrenal function[END_REF][START_REF] Roux | Long-term safety of fluticasone propionate and nedocromil sodium on bone in children with asthma[END_REF]. It has been previously reported that over-treatment with ICS can increase the risk of adverse events [START_REF] Lucas | Overtreatment with inhaled corticosteroids and diagnostic problems in primary care patients, an exploratory study[END_REF]. Since we did not observe differences in clinical improvement between the groups [START_REF] Olszowiec-Chlebna | Effect of inhaled steroid and montelukast on clinical symptoms in children with newly diagnosed asthma: A pilot study[END_REF], we can assume that some children in our study were over-treated. On the other hand, all patients were symptomatic at baseline; therefore, a single baseline measurement of FEV1 greater than the predicted 94% does not mean that those children were mild asthmatics [START_REF] Bacharier | Classifying asthma severity in children: mismatch between symptoms, medication use, and lung function[END_REF] and the use of 800mcg of budesonide was clinically justified. Nevertheless, no unfavorable changes in bone metabolism in any of the ICS groups were observed.

Another aim of this study was to check whether bone metabolism during ICS therapy can be changed by cholecalciferol. In the only study dealing with asthmatic children treated with inhaled dry-powder budesonide 400 µg/day, cholecalciferol was shown to have no effect on markers of bone turnover [START_REF] Schou | Does vitamin D administered to children with asthma treated with inhaled glucocorticoids affect short-term growth or bone turnover?[END_REF]. In our study, the administration of 500 IU vitamin D once daily with inhaled dry-powder budesonide 800 µg/day significantly reduced phosphorus and PTH in serum and NTx in the urine of children, which suggests its beneficial effect on calcium-phosphorus metabolism and on collagen turnover in steroid-treated children with asthma. NTx, a marker of type I collagen degradation, was proven sensitive in various conditions of bone resorption [START_REF] Hanson | A specific immunoassay for monitoring human bone resorption: quantitation of type I collagen cross-linked N-telopeptides in urine[END_REF][START_REF] Fares | Effect of gender, puberty, and vitamin D status on biochemical markers of bone remodeling[END_REF]. Our study is the first showing the effect of vitamin D on bone turnover in asthmatic children treated with inhaled corticosteroids.

Although the best design would have been a placebo-controlled study, due to ethical reasons symptomatic children could not be left for 6 months without anti-inflammatory treatment.

Therefore, montelukast was used as control for ICS intervention. Unexpectedly, the increase in serum phosphorus concentration and the decrease in serum 25OHD level were observed in children treated with montelukast. Although we demonstrated a significant clinical improvement in all 4 groups of children, with no difference between the groups, these observations encouraged us to conduct an additional analysis. The correlations between the changes in the serum level of phosphorus and 25OHD and the individual clinical response to the treatment with montelukast revealed that within the montelukast group, children who had a smaller clinical improvement after the treatment had a greater increase of phosphorus and a greater decrease of 25OHD in serum than children with a better clinical response to treatment.

It seems that montelukast may be insufficient as an initial asthma monotherapy in asthmatic children, which was shown in our previous study [START_REF] Olszowiec-Chlebna | Effect of inhaled steroid and montelukast on clinical symptoms in children with newly diagnosed asthma: A pilot study[END_REF]. However, this study is not adequately powered nor designed to conclude from this observation.

Taking together the findings concerning the ICS 400 group and the control (montelukast) group we may hypothesize that bone metabolism is related to asthma control. The effect of a higher dose of ICS can be explained by the balance between the potentially adverse activity of corticosteroids and better asthma control. Adding vitamin D to the treatment may equalize the effect of a high dose and a medium dose of ICS therapy on bone metabolism. However, we cannot determine what the exact mechanisms of the observed changes are.

Our study has some limitations. It was designed to detect an expected difference between the study groups, however conclusion on exclusion of steroids adverse effects could be underpowered. The potential influence of puberty on study end-points was minimized by a relatively short study period. Judging from the observed significant changes between the study groups in measured biomarkers, it seems that those changes did not occur spontaneously, but in relation to therapy. In addition, we can assume that bone metabolism was somehow impaired in children with newly diagnosed asthma, since the basal levels of the measured markers were different compared to healthy children [START_REF] Chlebna-Sokol | 1 st Edn. Lodz: Diagnostic and treatment of osteoporosis and osteopenia in children[END_REF].

Conclusions

Our findings suggest that, firstly, using medium doses of inhaled corticosteroids has a beneficial effect on calcium-phosphorus metabolism in children with newly diagnosed asthma, and, secondly, adding vitamin D to high doses of inhaled corticosteroids has a beneficial effect on both calcium-phosphorus balance and collagen turnover. 
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  Blood samples (5 ml) for osteocalcin, calcium, phosphorus, alkaline phosphatase, PTH, 25OH D, carboxy-terminal telopeptides of type I collage (sCTx) and urine(10 ml) for calcium, creatinine and amino-terminal cross-linked telopeptide of type I collagen (NTx) were obtained. Enzyme-linked immunosorbent assay ELISA was used to measure serum concentration of osteocalcin as a marker of bone formation (N-MID Osteocalcin ELISA, Nordic Bioscience A/S Herlev, Denmark). The measuring range for N-MID Osteocalcin ELISA is between 0,5 ng/mL and 100 ng/ml osteocalcin and the inter-assay coefficient of variation [CV(%)] is 4,1% at a serum concentration of 25,0 ng/mL and the intra-assay CV is 2,0% at a serum concentration of 21,8 ng/mL. Serum level of sCTx as a product of bone degradation was measured by Serum CrossLaps ELISA (Nordic Bioscience A/S, Herlev, Denmark). The manufacturer's detection limit is 0,020 ng/mL sCTx, the inter-assay CV is 5,4% at a serum concentration of 0,393 ng/mL and intra-assay CV is 5% at a serum concentration of 0,365 ng/mL. The level of serum 25OH D was determined by a specific radioimmunoassay (25-OH-vit.D3-RIA-CT, BioSource Europe S.A., Nivelles, Belgium) and the lower detection limit is 0,6 ng/mL, the interassay CV is 5,2%, and the intra-assay CV 3,3% at a serum concentration of 23,0±1,2 ng/mL 25 OH D. PTH was measured by immunochemiluminescence assay (Intact PTH, Roche Diagnostic GmbH, Mannheim). The inter-and intra-assay CV are 4,0% and 4,3% at 62,2 pg/mL respectively and the measuring range is 1,20-5000 pg/mL. Calcium, phosphorus and alkaline phosphatase were measured by standard methods. Urinary samples were obtained from the second spot morning urine for measurements of calcium/creatinine ratio and NTx. NTx -a marker of bone degradation -was measured by ELISA methods with NtxReagentPack (Amersham, UK). The inter-and intra-assay CV are 3,3% and 7,0% at 93,0 nmol NTx respectively and the detection limit is 13,0 nmol. Urinary calcium excretion and the concentration of NTx were corrected for urinary creatinine. Urine concentration of calcium and creatinine was measured by standard methods. All serum and urine specimens were stored at -70° C until analyzed. The samples of each patient were analyzed in the same assay.
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 12 Figure 1. Patients flow in the study

Table 1 .

 1 Baseline characteristics*

			ICS 400 group	ICS 800 group	ICS 800 with vit D	Control group
			(n=24)	(n=24)	group (n=24)	(n=24)
	Age [years]	10,2±3,4	11,1±3,3	10,8±3,2	12,5±3,4
	Male gender N(%)	20(71,4)	18(75)	14(58,3)	14(70)
	BMI [kg/m	2 ]	17,1±2,9	18,8±3,5	18,5±4,7	18,7±4,2
	FEV1 [% pred. ]	94,1±9,5	98,7±12	94,4±13	99,6±11,7
	ATAQ score medin (quartile range)	4(3-4)	3,5(3-4)	3,0(3-4)	3(3-4)
	* Unless otherwise indicated, plus-minus values are means ±SD.	
	FEV1 pre-bronchodilator forced expiratory volume in one second.	

Table 2 .

 2 Within-group comparisons of all study end-point.

		Before treatment Mean SD	After treatment Mean SD	P-level
	ICS 400 group					
	Ca mEq/l	4,79	0,23	4,76	0,19	0,590
	P mEq/l	2,80	0,39	2,67	0,29	0,006
	ALP U/l	235,9	70,1	235,9	79,2	1,000
	PTH pg/ml	42,4	15,4	33,3	10,8	0,001
	OC ng/ml	94,9	39,1	95,0	55,7	0,991
	25OH D ng/ml	34,9	18,2	31,9	14,4	0,165
	sCTx ng/ml	1,13	0,35	1,59	2,93	0,481
	NTx/creatinine nmol/mmol	672	407	578	373	0,270
	Ca/creatinine	0,05	0,03	0,05	0,04	0,419
	ICS 800 group					
	Ca mEq/l	4,79	0,24	4,73	0,17	0,082
	P mEq/l	2,65	0,38	2,51	0,38	0,067
	ALP U/l	211,2	86,3	207,3	96,8	0,657
	PTH pg/ml	40,4	19,4	36,4	18,3	0,326
	OC ng/ml	85,8	32,8	83,8	39,7	0,660
	25OH D ng/ml	35,12	16,88	31,91	12,09	0,156
	sCTx ng/ml	1,04	0,45	1,05	0,56	0,924
	NTx/creatinine nmol/mmol	542	360	674	821	0,254
	Ca/creatinine	0,05	0,04	0,05	0,03	0,882
	ICS 800 with vit D group					
	Ca mEq/l	4,72	0,18	4,72	0,28	0,931
	P mEq/l	2,66	0,31	2,47	0,37	0,028
	ALP U/l	237,8	101,0	219,3	107,2	0,071
	PTH pg/ml	36,4	11,5	29,4	8,5	0,001
	OC ng/ml	91,8	52,4	81,6	49,0	0,113
	25OH D ng/ml	36,1	13,9	36,0	14,6	0,969
	sCTx ng/ml	0,98	0,41	1,04	0,91	0,756
	NTx/creatinine nmol/mmol	668	411	434	293	0,005
	Ca/creatinine	0,06	0,04	0,06	0,04	0,917
	Control group					
	Ca mEq/l	4,72	0,21	4,74	0,32	0,859
	P mEq/l	2,56	0,31	2,75	0,35	0,038
	ALP U/l	226,3	112,8	226,5	95,6	0,975
	PTH pg/ml	48,2	20,6	46,4	13,5	0,571
	OC ng/ml	92,1	43,2	88,4	46,9	0,408
	25OH D ng/ml	29,7	13,6	24,4	14,2	0,006
	sCTx ng/ml	1,04	0,36	1,16	0,57	0,078
	NTx/creatinine nmol/mmol	639	492	606	458	0,791
	Ca/creatinine	0,05	0,03	0,04	0,04	0,770
	Osteocalcin (OC), calcium (Ca), phosphorus (P), alkaline phosphatase (ALP), parathormon (PTH),
	25OHD,					

soluble carboxy-terminal telopeptides of type I collage (sCTx), amino-terminal cross linked telopeptide of type I collagen (NTx).

  

Table 3 .

 3 Between-group comparisons of all study end-point. Data are presented with mean difference value and 95%CI of difference. Post-hoc power estimation was based on observed variance and pre-determine relevant difference. Between groups differences greater than single standard deviation of each bone marker in reference distribution were arbitrary predefined as relevant.

	Mean Diff. 95% CI of diff	P value	Post-hoc
			Power

soluble carboxy-terminal telopeptides of type I collage (sCTx), amino-terminal cross linked telopeptide of type I collagen (NTx).
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