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Abstract: Biochemical bone turnover markers (BTMs) provide important information  

on the diagnosis, therapy and monitoring of metabolic bone diseases. They are evident 

before measurable changes in bone mineral density (BMD) take place. A total of 35 adult 

Saudi patients (23 males; 12 females) with type 2 diabetes and diagnosed to be vitamin D 

deficient were recruited in this prospective study. Here we investigated the effects of 

gender, season, and vitamin D status on bone biochemical markers of bone remodeling. 

Anthropometry and blood samples were collected at different intervals. Metabolic 

parameters and bone biomarkers were measured routinely and by ELISA. Both males and 

females had a significant increase in their vitamin D status over time, but no significant 

changes in the bone biomarkers were observed in females. In males there was a significant 

increase in circulating levels of corrected calcium and OPN (p = 0.004 and 0.01 

respectively) and a significant decrease in crosslaps (p = 0.005). In all subjects there was a 

modest but significant positive relationship between vitamin D status and OC (R = 0.34;  

p = 0.04). In conclusion, our study demonstrates that changes in bone remodeling markers 
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are affected by season, gender, and possibly vitamin D status. This gender difference may 

well reflect the physiologic pathway responsible for the higher peak bone mass achieved in 

males compared to females.  
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1. Introduction 

In recent years, biochemical markers of bone metabolism have been shown to provide substantial 

information in studies of pathophysiology and assessment of various metabolic bone diseases, 

including osteoporosis [1]. The bone markers have potential clinical value in risk evaluation and 

monitoring of treatment in osteoporosis, rheumatic diseases, metabolic bone diseases and skeletal 

metastases [2]. 

The effects of physical activity on bone density can be evaluated by direct measurement of bone 

mineral density (BMD) by means of radiological methods at different sites [3,4]. Acute responses can 

be assessed by measuring the serum level of biochemical markers of bone turnover, which reflect 

cellular events involved in bone metabolism [5]. Since biochemical alterations are evident before 

measurable changes in BMD take place, alterations in isolated markers of bone turnover are useful for 

evaluating the impact of a specific intervention on bone metabolism [6]. Routine clinical use is, 

however still controversial [7,8], partly due to lack of information on the variability of bone marker 

levels. The new biochemical markers developed recently have markedly improved the sensitivity and 

specificity for reflecting the overall rate of bone formation or resorption. Formation markers are 

products of active osteoblast expressed during different phases of osteoblast development and 

measured in terms of concentration (i.e., osteocalcin, OC). The resorption markers are degradation 

products of bone collagen that can be quantified from serum or urine (i.e., C-terminal cross-linked 

telopeptides of type I collagen—CTx) [5,9]. 

Bone remodeling processes are under the influence of several hormones, the action of which  

might be modulated by osteoprotegerin (OPG) and osteopontin (OPN) which are considered as  

bone metabolism biomarkers. OPG is the main osteoclastogenesis modulator. It is also a member of  

tumor necrosis factor receptor (TNFR) super family produced by a variety of tissues including the 

cardiovascular system (heart, arteries, veins), lungs, kidneys, bones as well as hematopoietic and 

immune cells [10]. OPG acts as a soluble decoy receptor for receptor activator of nuclear factor κ-B 

ligand (RANKL) and neutralizes this essential cytokine required for osteoclast differentiation [11]. 

Increased OPG levels have been observed in men with advanced coronary artery disease (CAD) [12]. 

OPN on the other hand is secreted as a calcium-binding glycophosphoprotein that has been implicated 

in bone remodeling and inflammation. Similar to OPG, osteopontin is widely distributed in different 

human cells including osteoblasts, lymphocytes, macrophages, endothelial cells and vascular smooth 

muscle cells [13]. 

Studies showed that vitamin D status plays a key role for general health and particularly for  

the bone even if it is highly variable, and depends on outdoor sunlight exposure time (during peak 

sunlight) and latitude [14]. 
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Most studies have examined seasonal changes in serum 25OHD and serum PTH, but there are 

limited studies that examined corresponding changes in biochemical markers of bone turnover and 

made contrasting observations [15,16]. Woitge et al. [16] demonstrated in healthy subjects that 

specific markers of bone turnover show significant seasonal changes that are directly related to 

variations in the hormonal regulation of skeletal homeostasis. Seasonal variation in bone mass has also 

been reported, with bone mass decreasing in winter and increasing in summer periods [15,17]. This 

observation however has not been replicated [18,19]. We hypothesized that in elderly women, seasonal 

changes in serum 25OHD are associated with parallel changes in serum PTH. The change in serum 

PTH contributes to bone resorption, indicated by changes in biochemical markers of bone turnover 

leading to decreased BMD. Our study systematically investigated the effect of gender, season, and 

vitamin D status on bone biochemical markers of bone remodeling. We have attempted to define the 

relationships among vitamin D, season and gender to clarify the influence of these factors on markers 

of bone formation and resorption over time. 

2. Results  

Table 1 describes the baseline anthropometric and biochemical parameters of male and female 

subjects included in the study. Females had significantly higher levels of vitamin D and OPN as 

compared to males (both p < 0.001, respectively). On the other hand, males had significantly higher 

OC than females (p < 0.001). Table 2 shows the seasonal comparisons of the parameters measured 

across all subjects. Most of the parameters were comparable, with the exception of corrected calcium 

which showed a significantly increasing trend (p = 0.012) as well as OPN (p = 0.001). Vitamin D 

status was significantly higher during summer as compared to baseline winter, which was probably 

due to the advice to increase sun exposure (p < 0.001). Table 3 shows the same comparisons, but 

stratified to gender. While both males and females had a significant increase in their vitamin D status 

over time, no significant changes in the bone biomarkers were observed in females. In males however 

there was a significant increase in circulating levels of corrected calcium and OPN (p = 0.004 and 0.01 

respectively) and a significant decrease in crosslaps (p = 0.005). Figure 1 shows a modest but 

significant positive relationship between vitamin D status and OC (R = 0.34; p = 0.04).  

Table 1. Baseline Anthropometric and Biochemical Characteristics of Male and Female Patients. 

 Winter_1 
Males 

Winter_1 
Females 

N 23 12 
Age (years) 57.1 ± 7.7 43.9 ± 13.2 
BMI (kg/m2) 29.7 ± 1.4 33.4 ± 1.2 
Systolic BP (mmHg) 116.2 ± 3.2 128.8 ± 5.3 
Diastolic BP (mmHg) 78.1 ± 1.8 80.0 ± 2.8 
Glucose (mmol/L) 10.0 ± 0.24 9.4 ± 0.13 
Triglycerides (mmol/L) 1.8 ± 0.19 2.7 ± 0.82 
Total Cholesterol (mmol/L) 5.1 ± 0.35 5.6 ± 0.37 
Calcium (mmol/L) 2.4 ± 0.11 2.5 ± 0.02 
Corrected Calcium (mmol/L) 2.3 ± 0.06 2.5 ± 0.03 
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Table 1. Cont. 

 Winter_1 
Males 

Winter_1 
Females 

25-OH Vitamin D (nmol/L) 29.8 ± 0.10 35.6 ± 0.10 * 
Osteocalcin (ng/mL) 6.5 ± 0.10 4.4 ± 0.24 * 
Osteoprotegerin (pg/mL) 533.5 (274) 559.9 (392) 
Osteopontin (ng/mL) 1.8 ± 0.25 3.4 ± 0.14 * 
Crosslaps (pg/mL) 0.27 ± 0.03 0.23 ± 0.04 

Notes: Data presented as mean ± SD; * denotes significance at p < 0.05. 

Table 2. Effect of Season and Vitamin D on Bone Markers. 

 Winter_1 Summer  Winter_2 p-value 
N 35 35 35  
Gender (M/F) 23/12    
Age (years) 52.6 ± 11.6    
BMI (kg/m2) 31.6 ± 3.8 31.4 ± 5.2 31.3 ± 5.4 0.84 
Systolic BP (mmHg) 123.0 ± 14.5 125.8 ± 8.7 122.9 ± 11.0 0.60 
Diastolic BP (mmHg) 79.1 ± 7.1 79.4 ± 7.4 76.5 ± 7.0 0.33 
Glucose (mmol/L) 9.8 ± 2.0 12.2 ± 1.6 11.1 ± 1.6 0.29 
HDL-Cholesterol (mmol/L) 0.71 ± 0.33 1.0 ± 0.15 0.91 ± 0.10 0.87 
Insulin (IU/mL) 22.6 ± 1.3 31.0 ± 1.4 33.2 ± 1.6 0.06 
Calcium (mmol/L) 2.4 ± 0.32 2.4 ± 0.11 2.5 ± 0.25 0.11 
Corrected Calcium (mmol/L) 2.3 ± 0.22 2.4 ± 0.13 * 2.5 ± 0.19 # 0.012 
25-OH Vitamin D (nmol/L) 31.0 ± 1.3 64.0 ± 1.4 * 53.7 ± 1.2 * <0.001 
Osteocalcin (ng/mL) 5.7 ± 1.6 7.0 ± 1.7 5.7 ± 1.8 0.27 
Osteoprotegerin (pg/mL) 527.1 ± 1.4 489.2 ± 1.4 476.3 ± 1.4 0.31 
Osteopontin (ng/mL) 2.3 ± 0.46 4.2 ± 0.36 5.5 ± 0.56 * 0.011 
Crosslaps (ng/mL) 0.25 ± 0.03 0.15 ± 0.04 0.28 ± 0.1 0.28 

Data represented as Mean ± SD; * Group is significantly different from First Winter; # Group is 
significantly different from Summer. 

Table 3. Effect of Season on Bone Markers in Males and Females. 

 Males Females 

Winter_1 Summer Winter_2 p-value Winter_1 Summer Winter_2 p-value 

N 23    12    

Age (years) 57.1 ± 7.7    43.9 ± 13.2    

BMI (kg/m2) 29.7 ± 1.4 28.5 ± 1.9 28.5 ± 2.0 0.70 33.4 ± 1.2 34.3 ± 1.4 34.1 ± 1.4 0.47 

Systolic BP (mmHg) 116.2 ± 3.2 120.0 ± 2.6 120.0 ± 4.2 0.57 128.8 ± 5.3 131.1 ± 2.0 125.5 ± 3.4 0.58 

Diastolic BP (mmHg) 78.1 ± 1.8 76.2 ± 2.6 77.5 ± 2.5 0.80 80.0 ± 2.8 82.2 ± 2.2 75.5±2.4 0.27 

Glucose (mmol/L) 10.0 ± 0.24 12.9 ± 0.14 11.2 ± 0.15 0.49 9.4 ± 0.13 11.0 ± 0.12 11.0 ± 0.11 0.45 

Triglycerides (mmol/L) 1.8 ± 0.19 2.2 ± 0.25 2.3 ± 0.46 0.28 2.7 ± 0.82 2.1 ± 0.21 1.9 ± 0.17 0.54 

Total Cholesterol 

(mmol/L) 

5.1 ± 0.35 5.1 ± 0.47 4.8 ± 0.21 0.86 5.6 ± 0.37 5.1 ± 0.29 5.0 ± 0.32 0.16 

Calcium (mmol/L) 2.4 ± 0.11 2.4 ± 0.03 2.6 ± 0.07 0.08 2.5 ± 0.02 2.4 ± 0.05 2.4 ± 0.07 0.24 

Corrected Calcium 

(mmol/L) 

2.3 ± 0.06 2.4 ± 0.03 2.5 ± 0.05 *# 0.004 2.5 ± 0.03 2.3 ± 0.05 2.5±0.06 0.07 
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Table 3. Cont. 

 Males Females 

Winter_1 Summer Winter_2 p-value Winter_1 Summer Winter_2 p-value 

Vitamin D (nmol/L) 29.8 ± 0.10 61.7 ± 0.11 * 52.6 ± 0.09 * <0.001 35.6 ± 0.10 72.3 ± 0.16 57.9 ± 0.09 * 0.02 

Osteocalcin (ng/mL) 6.5 ± 0.10 9.0 ± 0.11 7.3 ± 0.12 0.11 4.4 ± 0.24 2.3 ± 0.20 1.9 ± 0.25 0.87 

Osteoprotegerin 

(pg/mL) 

533.5 (274) 558.3 (294) 487.9 (278) 0.45 559.9 

(392) 

420.2 (309) 436.1 (248) 0.29 

Osteopontin (ng/mL) 1.8 ± 0.25 4.5±0.21 6.2 ± 0.29 * 0.01 3.4 ± 0.14 3.7 ± 0.26 4.3 ± 0.15 0.59 

Crosslaps (ng/mL) 0.27 ± 0.03 0.16 ± 0.03 * 0.18 ± 0.02 0.005 0.23 ± 0.04 0.15 ± 0.03 0.17 ± 0.04 0.12 

Repeated Measures Analysis of Variance. 

Figure 1. Modest association between vitamin D and osteocalcin (all subjects). 

 

3. Discussion 

The main findings of the present study is that while female subjects with diabetes have significantly 

higher vitamin D levels as compared to males in all different time points, changes in bone biomarkers 

were more apparent in males, suggesting not only gender difference in the expression of bone 

biomarkers independent of season, but also indicating that females might need a much higher level of 

vitamin D to elicit the desired effects in bone biomarker changes. 

Similar findings have been reported from New Zealand and Brazil, where middle aged and older 

men had significantly lower levels of 25(OH)D than women [20,21]. Furthermore in all subjects there 

was a slight decrease in the median serum vitamin D concentration during the 2nd winter when 

compared to summer but still greatly higher the baseline. This is an expected result, which suggests 

that the subject under study has increased levels of vitamin D acquired through sunlight exposure and 

diet compared with baseline winter. This poses the question as to whether the Saudi population has any 

significant exposure to sunlight; otherwise a high rise in median serum vitamin D levels would be 

expected during the summer period.  
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The seasonal variation in 25-OHD levels and the trend towards an association between serum  

25-OHD levels and time spent outdoors suggest that production of vitamin D in the skin is the 

principal determinant of 25-OHD levels. These findings are consistent with research findings 

regarding the overall Australian population [22] and African Americans [23]. It is likely that time 

spent outdoors, particularly if it includes weight-bearing exercise, will have health benefits in addition 

to those associated with increased vitamin D production. 

OC, however, seems to diverge from the pattern, with peak values in summer (Table 2). 

Discordance in seasonal changes between the bone formation markers has been reported before [2,24]. 

The reason for this difference is unclear and warrants further investigation to clarify the responsible 

mechanism(s). Some consistent patterns nevertheless did emerge. For example, when analyzed 

osteocalcin values were greater in men than in women. Our findings of higher bone formation marker 

values in men than women around the age of 50 years confirm smaller studies that have compared 

these markers between genders [25,26]. Likewise, majority of previous studies observed an increase in 

both OC and bone ALP around the time of menopause, at least in white Caucasian women [27,28]. 

Higher bone formation markers have also been noted in adult males as compared to female subjects [29]. 

The gender effect on bone formation marker may also be explained by differences in sex steroids, as 

shown by studies revealing that the best predictors of bone markers were testosterone levels in  

boys [30,31] and estrogen in girls [32].  

It is well known that vitamin D deficiency causes an increase in bone resorption (presumably from 

the rise in PTH caused by hypocalcaemia). Subgroup analysis revealed that the time profile of vitamin 

D is inversely correlated with that of CTX in both males and females. There is a significant difference 

in men in summer as compared to baseline winter. In contrast, our data did not show a significant 

change in CTX during all time period for both genders. These differences in the profiles of the various 

biochemical markers of bone resorption (CTX) in male and female may reflect their relative specificity 

for collagen versus bone. The CtX level in both summer and 2nd winter are lower than the base line 

winter in both gender. The increased consumption of both Ca and proteins may well have played a 

major role in the inhibition of PTH and consecutive lowering of the CTX markers of bone resorption. 

Furthermore, others have previously shown that markers of bone resorption are subject to significant 

diurnal variation [33,34]. Bone resorption is thus at its maximum early in the morning (05:00–08:00) 

and declines to a minimum in the late afternoon. 

Within the bone marrow, the most prominent source of OPN is osteoblasts, which produce OPN 

while forming bone. The resulting OPN comprises approximately 2% of the non-collagenous protein 

in bone [35]. In addition to osteoblasts, pre-osteoblasts, osteocytes as well as other haemopoietic cells, 

also synthesise OPN within the BM [36]. The expression of OPN and other non-collagenous proteins, 

such as osteocalcin, is highly regulated throughout osteoblast differentiation. OPN, induced in 

response to 1,25(OH)2D3 in osteoblasts, has been reported to modulate bone mineralization. 

Regardless, gender effect OPG decreases with increase of vitamin D as shown in Table 1. OPG is a 

cytokine that belongs to the tumour necrosis factor receptor family and a decoy receptor that blocks the 

interaction of RANK with its ligand (RANKL), thus inhibiting osteoclast differentiation and activity. 

In regression analyses, gender was the consistent correlate of all markers of bone remodeling. The 

gender difference is an interesting finding that was clearly investigated and documented in previous 

studies [37]. This gender difference seemed to be independent of body size as assessed by insignificant 



Molecules 2012, 17 8414 

 

variation for BMI in our study. It may reflect gender differences in calcium intake and vitamin D 

levels as we showed, higher muscle mass and lower fat mass in males, differences in growth rates, 

cultural lifestyle (specifically in this part of the world), or more interestingly the genetic difference, 

explaining peak bone mass variation [38]. 

The present study has some limitations. Findings are at best suggestive since the study population 

may not be representative of the general adult population in Saudi Arabia due to sample size and lack 

of non-diabetic group. However, this study was more comprehensive than earlier research and 

collected data on body composition components, muscle strength, physical activity, PTH, and biomarkers 

of bone formation and resorption in relation to vitamin D status that were not previously evaluated. 

4. Methodology 

4.1. Subjects 

A total of 35 (23 male; 12 female) adult Saudi patients with type 2 diabetes aged 40 years  

and above, and diagnosed to be vitamin D deficient (defined as having less than 20 ng/mL of  

25 hydroxyvitamin D [25(OH)D]) were recruited for the study. Written and informed consents were 

obtained before inclusion. Ethics approval was granted by the Ethics Committee of the College of 

Science, King Saud University, Riyadh, Kingdom of Saudi Arabia (KSA). Participating subjects were 

recruited and enrolled longitudinally in 4 primary health care centers (PHCCs) within the Riyadh 

Central Region during the summer months (April–July 2009). They were asked to complete a 

generalized questionnaire, which contains demographic information including past and present medical 

history, and to return after overnight fasting for more than 10 h for anthropometry and blood withdrawal. 

They were also seen 6 and 12 months later for another anthropometry and metabolic assessments. 

4.2. Anthropometry and Blood Collection 

Subjects were requested to visit their respective PHCCs in an overnight fasted state (>10 h) for 

anthropometry and blood withdrawal by the PHCC nurse and physician on duty, respectively. 

Anthropometry included height (rounded off to the nearest 0.5 cm), weight (rounded off to the nearest 

0.1 kg), waist and hip circumference (centimeters), and mean systolic and diastolic blood pressure 

(millimeters of Hg) (average of 2 readings). Body mass index was calculated as weight in kilograms 

divided by height in square meters. Overweight was defined as having a BMI of 25 to 29.9 kg/m2; 

obesity, at least 30 up to 34.9; and morbid obesity, at least 35. Fasting blood samples were collected 

and transferred immediately to a non-heparinized tube for centrifugation. Collected serum was then 

transferred to pre-labeled plain tubes; stored in ice; and delivered to the Biomarkers Research Program 

(BRP) in King Saud University, Riyadh, KSA, for immediate storage at −20 °C. 

4.3. Sunlight Exposure and Vitamin D Diet 

Subjects were given verbal advice to expose themselves to sunlight for 5 to 30 min twice a week 

either before 10:00 AM and/or after 3:00 PM. The time for sun exposure was based on a previously 

reported study [39] detailing the hours of daylight in Riyadh, KSA, during which ultraviolet radiation 

levels are considered carcinogenic and thus should be avoided. They were also regularly encouraged 
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every week through Short Message Service (SMS) to include in their diet increased amounts of vitamin 

D-rich foods, such as cod liver oil, salmon, tuna, cow liver, dairy products, and vitamin D-fortified 

foods. To ensure compliance, they were instructed to keep a diary in which they recorded sun exposure 

times and outdoor physical activity; such diaries were submitted at the end of the study period. 

4.4. Sample Analyses 

Fasting glucose, lipid profile, calcium, and phosphorous were measured using a chemical analyzer 

(Konelab, Espoo, Finland). Serum 25(OH)D was measured by a specific enzyme-linked immunosorbent 

assay (IDS, Tyne and Wear, UK). The inter- and intra-assay variability of this assay was 5.3% and 

4.6%, respectively. Caution was exercised in the interpretation of results, as significant variability 

between different assays and laboratories has been reported [15]. It is noted that although the BRP 

laboratory did not participate in the Vitamin D External Quality Assessment Scheme, Quality 

Assurance (QA) standards are maintained by ISO 9000 and 17025, whereas the QA department audits 

the BRP laboratory at regular intervals. 

C-Terminal cross-linked telopeptide of type I collagen (CrossLaps, also known as b-CTx) assays 

were performed with a serum crossLaps_ ELISA kit (Immunodiagnoztic AG,  Bensheim, Germany). 

Maximum intra- and inter-assay CVs were 3.0 and 10.9%, respectively, and the detection limit was 

0.020 ng/mL. 

Other bone markers (OC, OPG, and OPN) were measured by Luminex IS 200 (Luminexcorp, 

Austin, TX, USA) the protocol was performed as per the manufacturer’s instruction (Millipore, 

Billerica, MA, USA) with detection across a range of 1–10,000 pg/mL for each analyte. 

4.5. Data Analysis 

Data were analyzed using the Statistical Package for the Social Sciences version 16.0 (SPSS, 

Chicago, IL, USA). Normal continuous variables were presented as mean ± standard deviation. 

Independent T-test was done to compare gender differences during baseline winter. Repeated measures 

analysis of variance (ANOVA) was done to compare differences between groups. Regression analyses 

were performed on selected dependent variables of interest (HDL-cholesterol and corrected calcium) 

using serum 25(OH)-vitamin D as an independent variable. Significance was set at p < 0.05. 

5. Conclusion 

In conclusion, our study demonstrates changes in bone remodeling markers that are affected by 

season, gender, and possibly vitamin D status. Gender is a consistent independent correlate of all 

markers of remodeling measured in this study. This gender difference in remodeling markers during 

season may well reflect the physiologic pathway responsible for the higher peak bone mass achieved 

in males compared to females. That, however, remains to be proven in longitudinal studies. 

Acknowledgments 

We thank the Prince Mutaib Chair for Biomarkers of Osteoporosis for funding the present study as 

well as technical support. We also thank Benjamin Vinodson for the statistical analysis of the data. 



Molecules 2012, 17 8416 

 

References  

1. Calvo, M.S.; Eyre, D.R.; Gundberg, C.M. Molecular basis and clinical application of biological 

markers of bone turnover. Endocr. Rev. 1996, 17, 333–368. 

2. Midtby, M.; Magnus, J.H.; Joakimsen, R.M. The Tromso Study: A population-based study on the 

variation in bone formation markers with age, gender, anthropometry and season in both men and 

women. Osteoporos. Int. 2001, 12, 835–843. 

3. Maimoun, L.; Coste, O.; Puech, A.M.; Peruchon, E.; Jaussent, A.; Paris, F.; Rossi, M.; Sultan, C.; 

Mariano-Goulart, D. No negative impact of reduced leptin secretion on bone metabolism in male 

decathletes. Eur. J. Appl. Physiol. 2008, 102, 343–351. 

4. Rector, R.S.; Rogers, R.; Ruebel, M.; Hinton, P.S. Participation in road cycling vs. running is 

associated with lower bone mineral density in men. Metabolism 2008, 57, 226–232. 

5. Seibel, M.J. Biochemical markers of bone turnover: Part I: Biochemistry and variability.  

Clin. Biochem. Rev. 2005, 26, 97–122. 

6. Compston, J. Monitoring osteoporosis treatment. Best Pract. Res. Clin. Rheumatol. 2009, 23, 

781–788. 

7. Blumsohn, A.; Eastell, R. The performance and utility of biochemical markers of bone turnover: 

do we know enough to use them in clinical practice? Ann. Clin. Biochem. 1997, 34, 449–459. 

8. Looker, A.C.; Bauer, D.C.; Chesnut, C.H., III.; Gundberg, C.M.; Hochberg, M.C.; Klee, G.; 

Kleerekoper, M.; Watts, N.B.; Bell, N.H. Clinical use of biochemical markers of bone 

remodeling: current status and future directions. Osteoporos. Int. 2000, 11, 467–480. 

9. Garnero, P. Bone markers in osteoporosis. Curr. Osteoporos. Rep. 2009, 7, 84–90. 

10. Schoppet, M.; Preissner, K.T.; Hofbauer, L.C. RANK ligand and osteoprotegerin: Paracrine 

regulators of bone metabolism and vascular function. Arterioscler. Thromb. Vasc. Biol. 2002, 22, 

549–553. 

11. Hsu, H.; Lacey, D.L.; Dunstan, C.R.; Solovyev, I.; Colombero, A.; Timms, E.; Tan, H.L.; Elliott, G.; 

Kelley, M.J.; Sarosi, I.; et al. Tumor necrosis factor receptor family member RANK mediates 

osteoclast differentiation and activation induced by osteoprotegerin ligand. Proc. Natl. Acad. Sci. USA 

1999, 96, 3540–3545. 

12. Schoppet, M.; Sattler, A.M.; Schaefer, J.R.; Herzum, M.; Maisch, B.; Hofbauer, L.C. Increased 

osteoprotegerin serum levels in men with coronary artery disease. J. Clin. Endocrinol. Metab. 

2003, 88, 1024–1028. 

13. Brown, L.F.; Berse, B.; van de Water, L.; Papadopoulos-Sergiou, A.; Perruzzi, C.A.; Manseau, E.J.; 

Dvorak, H.F.; Senger, D.R. Expression and distribution of osteopontin in human tissues: 

Widespread association with luminal epithelial surfaces. Mol. Biol. Cell 1992, 3, 1169–1180. 

14. Larson-Meyer, D.E.; Willis, K.S. Vitamin D and athletes. Curr. Sports Med. Rep. 2010, 9,  

220–226. 

15. Storm, D.; Eslin, R.; Porter, E.S.; Musgrave, K.; Vereault, D.; Patton, C.; Kessenich, C.; Mohan, S.; 

Chen, T.; Holick, M.F.; Rosen, C.J. Calcium supplementation prevents seasonal bone loss and 

changes in biochemical markers of bone turnover in elderly New England women: A randomized 

placebo-controlled trial. J. Clin. Endocrinol. Metab. 1998, 83, 3817–3825. 



Molecules 2012, 17 8417 

 

16. Woitge, H.W.; Knothe, A.; Witte, K.; Schmidt-Gayk, H.; Ziegler, R.; Lemmer, B.; Seibel, M.J. 

Circaannual rhythms and interactions of vitamin D metabolites, parathyroid hormone, and 

biochemical markers of skeletal homeostasis: A prospective study. J. Bone Miner. Res. 2000, 15, 

2443–2450. 

17. Thomsen, K.; Eriksen, E.F.; Jorgensen, J.C.; Charles, P.; Mosekilde, L. Seasonal variation of 

serum bone GLA protein. Scand. J. Clin. Lab. Invest. 1989, 49, 605–611. 

18. Vanderschueren, D.; Gevers, G.; Dequeker, J.; Geusens, P.; Nijs, J.; Devos, P.; de Roo, M.; 

Bouillon, R. Seasonal variation in bone metabolism in young healthy subjects. Calcif. Tissue Int. 

1991, 49, 84–89. 

19. Tsai, K.S.; Wahner, H.W.; Offord, K.P.; Melton, L.J.; Kumar, R.; Riggs, B.L. Effect of aging on 

vitamin D stores and bone density in women. Calcif. Tissue Int. 1987, 40, 241–243. 

20. Maeda, S.S.; Kunii, I.S.; Hayashi, L.F.; Lazaretti-Castro, M. Increases in summer serum  

25-hydroxyvitamin D (25OHD) concentrations in elderly subjects in Sao Paulo, Brazil vary with 

age, gender and ethnicity. BMC Endocr. Disord. 2010, 10, doi:10.1186/1472-6823-10-12. 

21. Johnson, L.K.; Hofso, D.; Aasheim, E.T.; Tanbo, T.; Holven, K.B.; Andersen, L.F.; Roislien, J.; 

Hjelmesaeth, J. Impact of gender on vitamin D deficiency in morbidly obese patients: A  

cross-sectional study. Eur. J. Clin. Nutr. 2011, 66, 83–90. 

22. Nowson, C.A.; Margerison, C. Vitamin D intake and vitamin D status of Australians. Med. J. Aust. 

2002, 177, 149–152. 

23. Benjamin, A.; Moriakova, A.; Akhter, N.; Rao, D.; Xie, H.; Kukreja, S.; Barengolts, E. 

Determinants of 25-hydroxyvitamin D levels in African-American and Caucasian male veterans. 

Osteoporos. Int. 2009, 20, 1795–1803. 

24. Douglas, A.S.; Miller, M.H.; Reid, D.M.; Hutchison, J.D.; Porter, R.W.; Robins, S.P. Seasonal 

differences in biochemical parameters of bone remodelling. J. Clin. Pathol. 1996, 49, 284–289. 

25. Epstein, S.; Poser, J.; McClintock, R.; Johnston, C.C., Jr.; Bryce, G.; Hui, S. Differences in serum 

bone GLA protein with age and sex. Lancet 1984, 1, 307–310. 

26. Steinberg, K.K.; Rogers, T.N. Alkaline phosphatase isoenzymes and osteocalcin in serum of 

normal subjects. Ann. Clin. Lab. Sci. 1987, 17, 241–250. 

27. Van Hoof, V.O.; De Broe, M.E. Interpretation and clinical significance of alkaline phosphatase 

isoenzyme patterns. Crit. Rev. Clin. Lab. Sci. 1994, 31, 197–293. 

28. Yasumura, S.; Aloia, J.F.; Gundberg, C.M.; Yeh, J.; Vaswani, A.N.; Yuen, K.; Lo Monte, A.F.; 

Ellis, K.J.; Cohn, S.H. Serum osteocalcin and total body calcium in normal pre- and 

postmenopausal women and postmenopausal osteoporotic patients. J. Clin. Endocrinol. Metab. 

1987, 64, 681–685. 

29. Gundberg, C.M.; Looker, A.C.; Nieman, S.D.; Calvo, M.S. Patterns of osteocalcin and bone 

specific alkaline phosphatase by age, gender, and race or ethnicity. Bone 2002, 31, 703–708. 

30. Mauras, N.; O’Brien, K.O.; Klein, K.O.; Hayes, V. Estrogen suppression in males: Metabolic 

effects. J. Clin. Endocrinol. Metab. 2000, 85, 2370–2377. 

31. Orwoll, E.S.; Belknap, J.K.; Klein, R.F. Gender specificity in the genetic determinants of peak 

bone mass. J. Bone Miner. Res. 2001, 16, 1962–1971. 

32. Cadogan, J.; Blumsohn, A.; Barker, M.E.; Eastell, R. A longitudinal study of bone gain in pubertal 

girls: Anthropometric and biochemical correlates. J. Bone Miner. Res. 1998, 13, 1602–1612. 



Molecules 2012, 17 8418 

 

33. Christgau, S.; Rosenquist, C.; Alexandersen, P.; Bjarnason, N.H.; Ravn, P.; Fledelius, C.; Herling, C.; 

Qvist, P.; Christiansen, C. Clinical evaluation of the Serum CrossLaps One Step ELISA, a new 

assay measuring the serum concentration of bone-derived degradation products of type I collagen 

C-telopeptides. Clin. Chem. 1998, 44, 2290–2300. 

34. Qvist, P.; Christgau, S.; Pedersen, B.J.; Schlemmer, A.; Christiansen, C. Circadian variation in the 

serum concentration of C-terminal telopeptide of type I collagen (serum CTx): Effects of gender, 

age, menopausal status, posture, daylight, serum cortisol, and fasting. Bone 2002, 31, 57–61. 

35. Denhardt, D.T.; Giachelli, C.M.; Rittling, S.R. Role of osteopontin in cellular signaling and 

toxicant injury. Ann. Rev. Pharmacol. Toxicol. 2001, 41, 723–749. 

36. Mark, M.P.; Prince, C.W.; Oosawa, T.; Gay, S.; Bronckers, A.L.; Butler, W.T. 

Immunohistochemical demonstration of a 44-KD phosphoprotein in developing rat bones.  

J. Histochem. Cytochem. 1987, 35, 707–715. 

37. Magnusson, P.; Hager, A.; Larsson, L. Serum osteocalcin and bone and liver alkaline phosphatase 

isoforms in healthy children and adolescents. Pediatr. Res. 1995, 38, 955–961. 

38. Szulc, P.; Seeman, E.; Delmas, P.D. Biochemical measurements of bone turnover in children and 

adolescents. Osteoporos. Int. 2000, 11, 281–294. 

39. Al-Daghri, N.M.; Al-Attas, O.S.; Alokail, M.S.; Alkharfy, K.M.; El-Kholie, E.; Yousef, M.;  

Al-Othman, A.; Al-Saleh, Y.; Sabico, S.; Kumar, S.; et al. Increased vitamin D supplementation 

recommended during summer season in the gulf region: A counterintuitive seasonal effect in 

vitamin D levels in adult, overweight and obese Middle Eastern residents. Clin. Endocrinol. (Oxf) 

2012, 76, 346–350.  

Sample Availability: Serum and Urine Samples of the patients are available from the authors. 

© 2012 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article 

distributed under the terms and conditions of the Creative Commons Attribution license 

(http://creativecommons.org/licenses/by/3.0/). 


