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Osteoporosis is a condition in which bone mineral density is reduced due to altered bone microstructure, which results in increased skeletal fragility and incidence of various types of fractures. Adipokines such as chemerin, vaspin, omentin-1 and osteoprotegerin are involved in bone remodeling. The current study was designed to determine the changes in circulating chemerin, vaspin, omentin-1, and osteoprotegerin levels after treatment with oral ibandronate 150 mg in postmenopausal osteoporotic females. The present study enrolled 107 postmenopausal osteoporotic females from a tertiary care hospital in Faisalabad, Pakistan, based on stringent inclusion and exclusion criteria. Sixty-six healthy postmenopausal, non-osteoporotic females with no systemic illness were chosen from the general population. The assessment of bone mineral density (BMD) was done using a DEXA scan. Serum levels of chemerin, vaspin, omentin-1 and osteoprotegerin were estimated using commercially available enzyme-linked immunosorbent assay kits. The collected data were analyzed with the Statistical Package for Social Sciences (SPSS) version 24. Following 6 months of ibandronate treatment, there was a significant decrease of 24.24% (p < .033) in serum chemerin levels, as well as a significant increase in serum vaspin levels 343.32% (p < .001) and osteoprotegerin levels 19.57% (p < .001), with no significant change in omentin-1 levels. Thus, an increase in serum chemerin levels and a decrease in serum vaspin and osteoprotegerin levels could be implicated in osteoporosis.
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INTRODUCTION
Osteoporosis is a chronic bone disease marked by a decreased bone mineral density (BMD) because of altered bone microstructure, leading to increased skeletal fragility and fracture risk (Falaschi and Giordano, 2017). In Pakistan, numerous factors like illiteracy, financial instability, and sedentary lifestyle increase osteoporosis risk among women. The diagnosis modalities such as DEXA scan are not easily accessible, and treatment is expensive (Tariq et al., 2017).
Novel adipokines, including leptin, chemerin, omentin, vaspin, and visfatin, have many physiological functions in the body, and now the researchers are greatly interested in exploring the relationship between these adipokines and bone homeostasis (Liu et al., 2013). Chemerin, a versatile novel adipokine, is a 14-kDa protein secreted by adipose tissue and liver (Menzel et al., 2016). Chemerin plays a major role in different human pathophysiological processes (Fatima et al., 2014). A mice study observed chemerin involvement in bone loss, and the administration of chemerin receptor antagonist CCX832 resulted in inhibition of bone loss. It showed chemerin could increase osteoclastic activity (Ramos-Junior et al., 2017). In contrast to this study, a recent study discovered that CMKLR1 knockout mice have lower trabecular bone mass (Zhao et al., 2019).
Vaspin, a serine protease inhibitor, is derived from visceral adipose tissue and is also known as SERPINA12 according to serpin nomenclature (Weiner et al., 2018). In vitro, the apoptosis of human osteoblasts was prevented by vaspin (Zhu et al., 2013). In one of the studies conducted in ambulatory postmenopausal females’ serum vaspin level was positively correlated with BMD at the femoral neck after adjusting various baseline characteristics (Tanna et al., 2017). In addition to this study, another study investigated different inflammatory cytokines and observed that serum vaspin levels were lower in the diabetic group with osteoporosis than the diabetic group without osteoporosis (Li et al., 2016). Low levels of vaspin are involved in the advancement of diabetic osteoporosis through different ways that impact bone metabolism (Li et al., 2016).
Omentin-1 is a novel adipokine consisting of 313 amino acids and is secreted from visceral adipose tissue (Watanabe et al., 2017). The role of omentin-1 in bone homeostasis is also controversial. It has been proposed that omentin-1 increases osteoblast proliferation (Wu et al., 2013) and it also is capable of decreasing the formation of osteoclast by increasing levels of osteoprotegerin in mouse osteoblasts (Xie et al., 2012).
OPG, a protein secreted by osteoblasts, has the ability to bind with the Receptor Activator of Nuclear Factor Kappa-Β Ligand (RANKL) and is a natural inhibitor of RANKL. In premenopausal females, this process is balanced; however, in postmenopausal females decrease in estrogen leads to increase expression of RANKL. It then bypasses OPG and leads to increase binding with RANK causing an increase in osteoclast function and increase in bone resorption, which eventually leads to osteoporosis (Park et al., 2017). The role of OPG as a biomarker in patients with osteoporosis is under consideration.
Oral nitrogen-containing bisphosphonates (e.g., ibandronate) are the standard of care in osteoporosis (Rosen et al., 2017). Randomized clinical studies have shown their effectiveness in the management of osteoporosis, especially in postmenopausal women. In a study conducted in postmenopausal osteoporotic females ibandronate significantly and safely increased BMD throughout the course of 30 months of treatment (Uehara et al., 2021). Similarly, in another study oral ibandronate 100 mg showed equivalent BMD increases to monthly intravenous ibandronate, indicating that it has a high value in the lifestyle and disease factors associated with osteoporosis (Hagino et al., 2018).
A review of the literature indicated no consensus on the roles of chemerin, vaspin, omentin-1, and OPG in bone metabolism. The current study was designed to determine the changes in circulating chemerin, vaspin, omentin-1, and osteoprotegerin levels after treatment with oral ibandronate 150 mg in postmenopausal osteoporotic females.
MATERIALS AND METHODS
This experimental study was conducted for 2 years (2018–2020), after taking ethical approval from the Institutional Review Board of the University of Health Sciences, Lahore, Pakistan. Postmenopausal females were recruited for this study during routine visits to the Orthopaedic clinic and OPD at Madina Teaching Hospital in Faisalabad. A sample size of 37 was calculated using the following formula with 90 percent power of the study and 95 percent confidence level, but it was increased to 107 to validate study results.
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Purposive non-randomized sampling was used, and all postmenopausal females aged 50–70 years with amenorrhea for more than 2 years were included in this study. Females with any history of ischemic heart diseases, diabetes mellitus, epilepsy, malignancies, osteomalacia, thyroid, parathyroid and gastrointestinal disease were excluded from the study. Similarly, females with a history of corticosteroids use or drugs to prevent BMD loss such as bisphosphonates, denosumab, calcitonin, PTH, estrogen therapy, androgens, and SERM’s were also excluded from the study. If the subject was taking vitamin D or calcium supplements, a 4 week washout period was implemented (Mann et al., 2014).
Estimation of Bone Mineral Density
Initially, the BMD of 2,800 females was measured on the calcaneus with a peripheral ultrasound bone densitometer (heel). Subjects diagnosed as osteoporotic using calcaneal ultrasonography were sent for a DEXA scan to begin treatment. BMD of postmenopausal females was measured using a HOLOGIC-HORIZON-A (QDR-series) version 5.6.0.4, Dual-Energy X-ray Absorptiometry (DXA) system at the Pakistan Institute of Nuclear Medicine (PINUM) Hospital, Faisalabad, Pakistan. DEXA estimates the areal BMD in g/cm2 that quantifies the skeletal status.
One hundred seventy-three patients were chosen to participate in the study after assessment with DEXA and using strict inclusion and exclusion criteria. All study participants signed a written informed consent form. These 173 patients were divided into two groups. The first group consisted of 66 healthy control postmenopausal females, while the second group consisted of 107 postmenopausal newly diagnosed osteoporotic patients. All subjects were thoroughly examined, and detailed histories were taken and recorded on a specially designed proforma. All subjects’ height, weight, waist and hip circumferences were measured.
As a control, 66 healthy age and sex-matched postmenopausal females were used to investigate normative values of chemerin, vaspin, omentin-1, and OPG in the Pakistani population, as these values had not been studied previously. These females had no endocrine and systemic illness. Blood samples were taken only once in the control group to compare their baseline parameters with those of the patients (Zojer et al., 2005; Martini et al., 2007).
One hundred and seven postmenopausal osteoporotic women with T scores less than or equal to –2.5 were included in the treatment group. Their blood was drawn at the start of the study and again after 6 months of bisphosphonate treatment to determine the effect of bisphosphonate therapy on serum chemerin, vaspin, omentin-1, and OPG levels. Each patient received one bisphosphonate tablet (Ibandronate 150 mg) once a month for a total of 6 months.
Biochemical Analysis
Ten mL of fasting blood was collected from an antecubital vein using an aseptic technique. Centrifugation was used to separate the serum, which was then stored at −70°C until it was analyzed. Baseline investigations were done to recruit the patients according to inclusion and exclusion criteria. These investigations included complete blood count (CBC), liver function tests (LFTs), renal function tests (RFTs), serum calcium and phosphate levels.
The serum was analyzed for chemerin, vaspin, omentin-1, and OPG first at baseline and again after 6 months of ibandronate treatment using Enzyme-Linked Immunosorbent Assay (ELISA), provided by Elabscience Biotechnology United States. The assay was performed using microplate data collection and analysis software Gen5™ and Gen5 Secure, manufactured by BioTek® Instruments, Inc. According to the manufacturer, the sensitivity of serum chemerin, vaspin, omentin-1, and OPG assays was 0.10, 37.50, 0.38, and 0.10 ng/ml, respectively, whereas the coefficient of variation for serum chemerin, vaspin, omentin-1, and OPG was 10% and cross-reactivity was almost nil. The blood sugar levels were determined using a glucose assay kit.
Statistical Analysis
For statistical analysis, the Statistical Package for Social Sciences (SPSS) version 24.0 was used. Shapiro-Wilk statistics tested the distribution of data, and if p was <.05, the data was considered non-normally distributed. Median IQR (interquartile range) was given for non-normally distributed quantitative variables. For categorical variables, frequencies and percentages were given. Proportions and percentages were compared using the Chi-square test. Spearmon’s Rho correlation coefficients were used to test the relationship of BMD with serum chemerin, vaspin, omentin-1, and OPG. The independent sample t-test and Mann-Whitney U tests were used to compare normal and osteoporotic groups for normally and non-normally distributed data. The Wilcoxon signed-rank test was used to compare pre and post-treatment cases.
RESULTS
The median age of the study population was 56.50 (52.5-64) and 57 (54-65) years in the control and osteoporotic groups, respectively. Table 1 compares the general characteristics and biochemical parameters of the study groups. Only the number of years since menopause (p < .001), weight (p < .001), BMI (p < .001), and BMD (p < .001) differed significantly between the two groups. Serum chemerin levels were significantly higher (p < .001) in the osteoporotic group, whereas serum OPG levels were significantly lower (p < .001). There was no significant difference in serum vaspin and omentin-1 levels (Table 1).
TABLE 1 | General characteristics and biochemical parameters of the study population.
[image: Table 1]Correlation of biochemical parameters and BMD in postmenopausal females (n = 173) is given in Table 2. Serum chemerin had a significant negative correlation with BMD at the lumbar spine (r = −0.217, p = .004*), right femoral neck (r = −0.217, p = .004*), right hip (r = −0.192, p = .011*), left femoral neck (r = −0.246, p = .001*), left hip (r = −0.189, p = .013*) and total BMD (r = −0.238, p = .002*). Serum vaspin was found to have a significant positive correlation with omentin-1 (r = 0.785, p = .001*) and BMD at the lumbar spine (r = 0.173, p = .023*). Serum omentin-1 was found to have a significant positive correlation with BMD at the lumbar spine (r = 0.232, p = .002*), right femoral neck (r = 0.181, p = .017*), right hip (r = 0.179, p = .018*), left femoral neck (r = 0.178, p = .019*), left hip (r = 0.225, p = .003*), and total BMD (r = 0.215, p = .005*). Serum OPG had a significant positive correlation with BMD at the lumbar spine (r = 0.247, p = .001*), right femoral neck (r = 0.302, p = .001*), right hip (r = 0.236, p = .002*), left femoral neck (r = 0.233, p = .002*), left hip (r = 0.280, p = .001*), and total BMD (r = 0.295, p < .001*) (Figure 1).
TABLE 2 | Correlation between serum chemerin, vaspin, omentin-1, OPG and BMD in postmenopausal females (n = 173).
[image: Table 2][image: Figure 1]FIGURE 1 | Scatter plot showing a significant correlation of serum chemerin, vaspin, omentin-1 and OPG with bone mineral density in postmenopausal females using spearman’s rho correlation coefficient.
In a multivariate linear stepwise regression analysis, serum levels of chemerin, osteoprotegerin, vaspin, and omentin-1 were used to predict BMD at the lumbar spine, right femoral neck, right hip, left femoral neck, left hip, and total BMD. At the lumbar spine, the model accounted for approximately 8% of BMD variance (R2 = 0.088, Adjusted R2 = 0.077). The independent predictors were serum osteoprotegerin and serum chemerin levels, which accounted for 7% and 2% of the variance in T-scores at the lumbar spine, respectively (Table 3). The model explained about 10% of BMD variance at the right femoral neck (R2 = 0.106, Adjusted R2 = 0.096). Again, serum osteoprotegerin and serum chemerin levels were independent predictors, accounting for 9% and 3% of the variance in T-scores, respectively. The model accounted for about 5% of the variance in BMD at the right hip (R2 = 0.053, Adjusted R2 = 0.048). Serum osteoprotegerin levels were the only independent predictor. Similarly, at the left femoral neck, the model accounted for approximately 7% of BMD variance (R2 = 0.076, Adjusted R2 = 0.065). The independent predictors were serum osteoprotegerin and serum chemerin levels, which accounted for 5% and 4% of the variance in T-scores, respectively.
TABLE 3 | Multivariate linear stepwise regression analysis showing independent predictors of BMD at various sites.
[image: Table 3]The model explained approximately 15% of BMD variance at the left hip (R2 = 0.147, Adjusted R2 = 0.126). The independent predictors were serum osteoprotegerin and omentin-1 levels that accounted for 7% and 5% of the variance of T-scores, respectively. For total BMD, the model accounted for approximately 10% of the variance in BMD (R2 = 0.104, Adjusted R2 = 0.094). The independent predictors were serum osteoprotegerin and serum chemerin levels, which accounted for 8% and 3% of the variance in T-scores, respectively (Table 3).
Serum chemerin and vaspin levels changed significantly after ibandronate treatment [chemerin 0.231 (0.138-0.508) ng/ml vs. 0.175 (0.730-0.494) ng/ml; vaspin 0.561 (0.163-1.454) ng/ml vs. 2.487 (0.901-4.411) ng/ml]. After treatment, chemerin levels decreased by 24.24% (p = .033*), while vaspin levels increased by 343.32% (p .001*) (Figure 2).
[image: Figure 2]FIGURE 2 | Comparison of pre and post treatment levels of serum chemerin and vaspin.
There was no significant change observed in the levels of serum omentin-1 after treatment with ibandronate (p = .757). However, a notable change was observed in the levels of serum OPG after treatment (Figure 3). The level of OPG changed significantly after ibandronate [11.469 (9.676-13.043) ng/ml, vs. 13.714 (10.812-18.253) ng/ml]. This depicts a 19.57% increase in OPG levels following treatment (p 0.001*).
[image: Figure 3]FIGURE 3 | Comparison of pre and post treatment levels of serum omentin-1 and osteoprotegerin.
DISCUSSION
This study found a significant relationship between various adipokines and BMD. Serum chemerin had a significant negative correlation with BMD, indicating that BMD increases with a decrease in serum chemerin levels. The current study’s findings on the relationship between chemerin and BMD were consistent with several other studies that found a negative correlation between chemerin and BMD in either osteoporotic or non-osteoporotic subjects (Terzoudis et al., 2016; Rana Ali Hamdi, 2018). In contrast to the current study’s findings, a study found no relationship between BMD and serum chemerin in lean and overweight subjects (Kadric et al., 2018), while another study noted a positive correlation in postmenopausal osteoporotic patients (Engin-Üstün et al., 2016). The strength of this negative association became prominent with the regression analysis, where chemerin was the predictor of BMD levels at various sites.
These differences could be due to chemerin’s ability to increase the function of both osteoblasts and osteoclasts (Neumann et al., 2016). Chemerin-induced bone erosion is facilitated by the fact that knocking out chemerin or its receptors in bone marrow stromal cells increased the expression of osteoblastic genes, indicating that chemerin has a negative effect on bone formation (Muruganandan et al., 2010). In the case of bone formation, chemerin appears to advance bone development. Chemerin might have a paracrine and autocrine role in bone homeostasis, and it is neutralization by chemerin that reduces osteoclast differentiation (Muruganandan et al., 2013; Zhao et al., 2019). The net effect would be an override or neutralization, depending on whichever drive was stronger, resulting in a negative, positive, or no association with BMD.
In the current study, chemerin levels were also reduced by 24.24% after treatment with Ibandronate (p = .033*). This is the first study exploring the levels of chemerin after bisphosphonate therapy. Our results could not be corroborated, as no comparable clinical study on these parameters was available. However, because chemerin levels decreased after bisphosphonate therapy, it is clear that ibandronate protects bones from chemerin-induced bone erosion by lowering chemerin levels. In a study of rheumatoid arthritis patients, serum chemerin levels were measured before and after 6 months of treatment with tocilizumab, and it was discovered that serum chemerin levels were significantly reduced after treatment with interleukin-6 receptor inhibitor, indicating that increased chemerin levels may result in bone pathology and that decreasing chemerin levels with treatment resulted in clinical response in such patients (Makrilakis et al., 2015).
A significant positive association was also found between serum vaspin and lumbar spine BMD, but not with BMD at other sites. There was a significant change in vaspin levels after ibandronate treatment (p < .001*). A study found that vaspin reduces the process of osteoclastogenesis induced by RANKL in the RAW264.7 cell line, resulting in increased bone mass (Kamio et al., 2013). Furthermore, it was discovered that vaspin could inhibit osteoblast programmed cell death via the extracellular signal-regulated kinase pathway (Zhu et al., 2013). Ibandronate’s increase in serum vaspin levels may be one of the mechanisms by which it increases BMD. Vaspin reduced H2O2-induced apoptosis in mice by inhibiting mesenchymal stem cell apoptosis, which is responsible for osteoporosis development, demonstrating its ability to protect against osteoporosis (Zhu et al., 2019). A study demonstrated no association of serum vaspin in patients taking bisphosphonate therapy and treatment naïve patients. However, the difference in their and our study was that they measured vaspin levels once in all patients and did not follow up the patients as we did in our study (Tanna et al., 2017).
Serum omentin-1 was found to have a significant positive relationship with BMD in postmenopausal females and it was also a strong predictor of BMD at the left hip. Although no significant change was observed after treatment with ibandronate. Many studies have witnessed a similar positive association between serum omentin-1 and BMD. A study reported that Omentin-1 stimulated human osteoblastic cells in a dose-dependent manner. When cells were treated with omentin-1 at concentrations of 25, 50, 100, and 200 ng/ml compared to the control group, there was a significant increase in osteoblastic cells proliferation (p < .05). Further investigation revealed that it is the Protein kinase B (PKB), also known as Akt, a pathway involved in the proliferation of osteoblastic cells through omentin-1 (Wu et al., 2013). Other in vitro and in vivo studies have revealed that omentin-1 protects BMD and the bone remodeling process (Kanaya and Chen, 2010; Xie et al., 2012). A study reported found a positive association between omentin-1 and OPG (Menzel et al., 2016). However, no such association between omentin-1 and OPG was discovered in the current study. Omentin-1 is also thought to protect against osteoporosis by inhibiting pro-inflammatory cytokines (Rao et al., 2018).
In contrast to our study, many studies found an inverse relationship between omentin-1 and BMD (Tohidi et al., 2012). It has also been reported that an increase in omentin-1 in osteoporosis and this inverse relationship with BMD could be due to a physiologic compensation for bone loss after menopause (Dikker et al., 2018).
The current study noticed a significant change in OPG levels following ibandronate treatment and a significant positive association of OPG with BMD at various sites; additionally, the strength of the positive association became more apparent with the regression analysis. However, there was no significant correlation between serum OPG and chemerin, vaspin, or omentin-1. It has been reported that RANKL causes activation of osteoclast, and OPG blocks this activation and suppresses the action of osteoclast, which are the main cells responsible for bone resorption (Gorecki et al., 2015). Based on our findings, we propose a possible mechanism through which ibandronate affects these adipokines and prevents osteoporosis (Figure 4).
[image: Figure 4]FIGURE 4 | Proposed mechanism of action of bisphosphonate (Ibandronate) on serum chemerin, vaspin and OPG; HOBIF, hypothalamic osteoblast inhibitory factor; OPG, osteoprotegerin; RANK, receptor activator of nuclear factor kappa-B ligand; RANK L, receptor activator of nuclear factor kappa-B ligand or osteoprotegerin ligand; inhibit; −, stimulate +; ↑, increase; ↓ decrease.
Another study looked at the effect of bisphosphonate on OPG mRNA and human osteoblastic cell production at the molecular level and found that bisphosphonate increases OPG gene expression and increases protein secretion in human osteoblasts in a dose-dependent manner, which is consistent with our findings. They also observed a 6-fold increase in the effects of bisphosphonates on osteoblastic OPG protein secretion over time (Koch et al., 2012).
In contrast to our findings, a study conducted on postmenopausal females found that administration of raloxifene decreases the levels of OPG in these females. However, they demonstrated the raloxifene effect, which had a different chemical structure than ibandronate, and their sample size was also small (Bashir et al., 2005). Contrary to our findings, there was no change in serum OPG levels in osteoporotic postmenopausal women treated with ibandronate and other bisphosphonates (Stuss et al., 2016; Passeri et al., 2019). We also found a positive association of serum OPG levels with BMD. Another study discovered a similar positive relationship between OPG and BMD (Pandey et al., 2018). According to a recent study, women with low BMD had lower median serum levels of OPG than women with normal BMD (Azizieh et al., 2019). Lower circulating OPG concentrations were also independently and positively correlated with low BMD in postmenopausal females (Mezquita-Raya et al., 2005).
It is also worth noting that bone density is affected by diverse factors. These effects have an impact on bone via a variety of complex pathways. As a result, the conclusive role of single or multiple variables necessitates extensive research. The role of adipokines such as chemerin, vaspin, and omentin-1 is not well established. More research is needed before these adipokines can be used as potential therapeutic agents to prevent or treat osteoporosis in postmenopausal women.
CONCLUSION
Adipokines have a significant correlation with BMD. After 6 months of ibandronate treatment, there was a significant change in serum chemerin, vaspin, and OPG levels. It seems that higher serum chemerin and lower vaspin and OPG levels could be implicated in the development or progression of osteoporosis. There was no effect of ibandronate treatment on serum levels of omentin-1 in our study subjects.
LIMITATIONS
Aside from these novel adipokines, bone biomarkers can also be measured. We only performed a DEXA Scan on the patients once during the study because the literature indicates that significant changes usually occur after 2 years. Furthermore, due to financial constraints, the serum levels of adipokines in the control group were checked once to ensure that they were within the normal range in our population.
RECOMMENDATIONS

• An extended study with larger sample size and a longer duration could be conducted to investigate the long-term effects of bisphosphonate on serum adipokines and their correlation with BMD.
• Furthermore, a comparison of gender differences should also be explored by conducting the same study in the male population to determine bisphosphonates’ effects on these adipokines.
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Age of patient
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Weight (kg)

BMI (kg/m?)
Waist to hip ratio
Haemoglobin g/dl
Red Blood Cells
mil/mm?®

White Blood
Cells mm®
Platelets mm®
Alkaline
phosphatase UL
Alarine
transaminase U/L.

Creatinine mg/dL.
Calcium mg/dL
Phosphate mg/dL
Lumbar

Right Femoral Neck
Right Hip

Left Femoral Neck
Left Hip

Total BMD
Chemerin ng/mL
Vaspin ng/mL.
Omentin-1 ng/mi
OPG ng/mL

Control n = 66

56.50 (52.5-64)

5 (Liuetal, 2013; Zhu etal., 2013; Fatima etal,, 2014; Menzel et al.,
2016; Ramos-Junior et al., 2017; Tanna et al., 2017; Tariq et .,
2017; Weiner et al., 2018; Zhao et al., 2019)

1.55 (1.62-1.57)

75.15 (68-85.25)

31.98 (27.38-35.36)

097 (0.94-1.03)

12.80 (11.60-13.80)

501 (4.63-5.40)

8.20 (7.28-9.72)

285.50 (253-355.5)
93 (77-112.25)

23 (18-30.25)

0.60 (0.50-0.70)

9,65 (2.38-9.90)
3.80 (3.40-4.10)
0.20 (-0.50-1.00)
020 (-0.33-0.92)
035 (-0.23-1.05)
0.10 (-0.60-0.73)
0.45 (-0.10-1.00)
0.28 (-1.75 10 0.77)
0.137 (0.083-0.279)
0.686 (0.191-1.561)
7.293 (2.094-14.239)
13.185 (11.476-14.638)

"D <.05 is considered statistically significant.
Values ane given as Median IO,

Osteoporotic n = 107

57 (54-65)

8(Liuetal, 2013; Zhuetal, 2013; Fatimaet al, 2014; Lietal., 2016;
Menzel et al., 2016; Ramos-Junior et al,, 2017; Tanna et al., 2017;
Watanabe et al., 2017; Weiner et al., 2018; Zhao et al., 2019)
1.55 (1.60-1.57)

60 (50-70)

25.87 (22.30-29.09)

1.00 (0.95-1.04)

12.80 (12.10-13.50)

4.79 (4.52-5.05)

8.70 (7.40-10.20)

284 (234-331)
102 (80-123)

20 (Zojer et al., 2005; Martini et al., 2007; Kanaya and Chen, 2010;
Muruganandan et al., 2010; Tohid et al,, 2012; X et ., 2012;
Kamio et al., 2013; Muruganandan et al., 2013; Mann et al., 2014;
Makriiakis et al., 2015; Engin-Ustin et al., 2016; Neumann et al.,
2016; Terzouds et al., 2016; Park et al., 2017; Rosen et al., 2017;
Dikker et al., 2018; Hagino et al., 2018; Kadric et al., 2018; Rana Al
Hamdi, 2018; Rao et al., 2018; Zhu et al., 2019; Ueharaet al., 2021)
0.60 (0.60-0.80)

950 (9.20-9.90)

3.90 (3.50-4.20)

~2.70 (-3.30 to ~2.50)

-2.30 (-2.70 to ~1.60)

~1.90 (-2.50 to ~1.20)

~2.10 (-2.60 to ~1.40)

~1.70 (-2.20 to =1.00)

21 (2510 -1.8)
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0561 (0.163-1.454)
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p-value
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.001*
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<.001*
<.001*
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<.001*
<.001*
<.001*
<.001*
<.001*
<.001*
400
.060
<.001*
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Parameters Chemerin p-
Rho Rho value*
Chemerin - -

Vaspin 0040 599
Omentin-1 -0.066 389
OPG 0.110 151

Lumbar spine BMD 0217 .004*
Right Femoral Neck BMD 0217 004"
Right Hip BMD -0.192 o1t
Left Femoral Neck BMD -0.246 001
Left Hip BMD -0.189 013
Total BMD -0.238 .002*

"D <.05 is considered statistically significant.
Correlation is seen using spsamman’s tho comelation cosflicient.

Vaspin
rho

0.040

0.785
0.148
0173
0.075
0.059
0.062
0119
0111

p-value*

599
<.001*
053
023"
326
439
415
120
147

Omentin-

-0.066
0.785

0.136
0.232
0.181
0.179
0.178
0.225
0215

p-value*

.389
<.001*
075
002"
o17*
018*
019*
003"
006"

OPGrho

0.110
0.148
0.136

0.247
0.302
0.236
0.233
0.280
0.295

p-value*
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053
075

.001*
<.001*
.002*
.002*
<.001*
<.001*
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BMD at lumbar spine

BMD at right femoral neck

BMD at right hip

BMD at left femoral neck

BMD at left Hip

Total BMD

Dependent variable is BMD.

Independent variables (predictors) used in the model were serum chemerin, osteoprotegerin,

Model

(Constant)
Osteoprotegerin
(Constant)
Osteoprotegerin
Chemerin

(Constant)
Osteoprotegerin
(Constant)
Osteoprotegerin
Chemerin

(Constant)
Osteoprotegerin

(Constant)
Osteoprotegerin
(Constant)
Osteoprotegerin
Chemerin

(Constant)
Osteoprotegerin
(Constant)
Osteoprotegerin
Omentin-1

(Constant)
Osteoprotegefin
(Constant)
Osteoprotegefin
Chemerin

value < .05 is considered statisticaly siondicant.

0.066

0.088

0.077

0.106

0.053

0.040

0.076

0.074

0.102

0.074

0.104

0.061

0.077

0.072

0.096

0.048

0.034

0.065

0.068

0.091

0.069

0.094

Unstandardized coefficients Standardized
coefficients
B Std. Error Beta
-3570 0.564
0.156 0.045 0.257
-3.562 0.559
0.167 0.045 0.274
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-2979 0.497
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vaspin and omentin-1.
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-6.000
3.782
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0.000
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