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Abstract: The musculoskeletal system consisting of bones and muscles have been recognized as en-

docrine organs secreting hormones that are involved in regulating metabolic and inflammatory 

pathways. Obesity and type 2 diabetes (T2D) are associated with several musculoskeletal system 

complications. We hypothesized that an interaction exists between adipomyokines namely, irisin 

and METRNL, and various bone markers in individuals with obesity and T2D. A total of 228 indi-

viduals were enrolled in this study, including 124 non-diabetic and 104 T2D. A Multiplex assay was 

used to assess the level of various bone markers namely Osteoactivin, Syndecan, osteoprotegerin 

(OPG) and osteonectin/SPARC. Our data shows elevated levels of Osteoactivin, Syndecan, OPG and 

SPARC in T2D as compared to non-T2D individuals (p ≤ 0.05). Using Spearman’s correlation, irisin 

was positively correlated only with Osteoactivin and OPG (p < 0.05). Similarly, a positive association 

was observed between METRNL and Osteoactivin (p < 0.05). The strong positive association shown 

in our study between irisin, METRNL and various bone markers emphasises the strong interaction 

between these organs. This suggests that a dysregulation in the functional interaction between these 

molecules could play a possible role in the development of bone and muscle related complications 

that are associated with obesity and T2D.   

Keywords: Meteorin-like hormone, irisin, adipomyokines, bone markers, Osteoactivin , Syndecan, 

OPG, Osteonectin, type 2 diabetes, obesity. 

 

1. Introduction 

The musculoskeletal system consists mainly of bones and muscles that interacts 

physically and mechanically to support the body and allow its movement in addition to 

providing protection to vital organs. More recently, both bones and muscles have been 

recognized as endocrine organs secreting hormones that are involved in regulating meta-

bolic and inflammatory pathways [1]. As a modern epidemic, diabesity is associated with 

metabolic dysregulation and chronic inflammation [2]. Obesity and diabetes are the cause 

of several complications associated with the musculoskeletal system including osteopo-

rosis and sarcopenia [3, 4]. Sarcopenia is defined as the progressive loss of muscle mass 

that is also associated with a decline in muscle function. Hallmarks of diabetes and meta-

bolic diseases including insulin resistance, oxidative stress as well as lipid infiltration in 
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muscles amongst the pathophysiological causes of sarcopenia [4]. On the other hand, Os-

teoporosis is a bone disorder that occurs when there is a decrease in bone density, increas-

ing the risk of fracture. Diabetes has been strongly associated with an increased risk of 

osteoporosis-associated fractures [5]. Muscle and bone markers have been shown to be 

dysregulated in diabetes [6]. Our group has also previously reported an increase in the 

levels of two adipomyokines, irisin and Meteorin-like (METRNL) in T2D which was fur-

ther exacerbated with obesity [7, 8].  

Adipomyokines have recently been identified as molecules that are secreted by the 

skeletal muscle and adipose tissue and play an important role in modulating metabolic 

pathways [9-11]. Adipomyokines are released in response to several stimuli, including 

muscle contraction during physical activity and/or nutritional changes [12, 13]. They have 

also been shown to mediate muscle growth (myogenesis) and regeneration. These mole-

cules are part of a complex network that mediates crosstalk among muscles, liver, adipose 

tissue, brain and bone and they have also been shown to be involved in promoting beige 

fat thermogenesis [14].  

Irisin and METRNL are two adipomyokines that have recently gained interest be-

cause of their role in increasing thermogenesis following exercise and cold exposure [15, 

16]. Studies have also shown that irisin plays an important role in modulating bone me-

tabolism through exercise [15]. Furthermore, Colaianni et. al. reported that irisin targets 

bone cells directly and enhances the differentiation of bone marrow stromal cells into ma-

ture osteoblasts [17]. In a follow up study by the same group it was demonstrated that 

injecting recombinant irisin (r-irisin) into mice lead to increased cortical bone mass and 

strength. This was attributed to a direct effect of irisin on osteoblastic bone formation, 

occurring mainly through suppressing a Wnt signalling inhibitor such as sclerostin (Sost) 

[18].  The beneficial effects of irisin were further shown in a study by Zhang et.al where 

the intraperitoneal (IP) administration of recombinant irisin induced osteoblastogenesis 

and inhibited osteoclastogenesis in bone cell lines. They reported that a threefold increase 

of irisin levels in circulation for 2 weeks reiterates the anabolic effects of exercise in the 

murine skeletal system [19]. Moreover, circulating serum level of irisin has been shown to 

be positively correlated with bone mineral status [20]. The adipomyokine METRNL was 

shown to have a unique expression pattern in bone and it was suggested that the anoma-

lous expression of METRNL may inhibit bone cell differentiation [21].   

Considering the involvement of adipomyokines in bone metabolism and the associ-

ation between diabesity and bone loss, we aimed to investigate the potential link between 

irisin, METRNL and various markers of bone metabolism in people with obesity and T2D.  

2. Materials and Methods 

 

2.1 Study population 

 

This study included 228 adult men and women with and without T2D that were fur-

ther classified according to their body weight: 104 people with T2D (38 non-obese and 66 

obese) and 124 people without T2D (73 non-obese and 51 obese). Diabetes was defined by 

fasting blood glucose (FBG) ≥ 7 mmol/L, receiving anti-diabetes treatment, or self-re-

ported T2D [7, 22]. Obesity was defined according to body mass index (BMI); with BMI > 

30 kg/m2 considered obese and BMI between 20 and 30 kg/m2 considered non-obese. A 

written informed consent was signed by all people willing to participate in the study. The 

study excluded people with morbid obesity (BMI > 40 kg/m2) who had chronic conditions 

and/or were placed on medication/supplements known to influence body composition or 

bone mass.  The study was approved by the ethical review board of Dasman Diabetes 

Institute and has been conducted in accordance with the ethical guidelines of the Decla-

ration of Helsinki (Project#: RA-2016-045).  

 

2.2 Blood sampling 
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Venous blood samples were collected using Vacutainer EDTA tubes after fasting for 

a minimum of 8h. Collected blood was centrifuged at 400 × g for 10 min at room temper-

ature and plasma was separated, aliquoted, and stored at −80°C until the assay was per-

formed. 

 

2.3 Measuring levels of METRNL and irisin in plasma. 

 

Plasma levels of METRNL and irisin were measured using the Enzyme Linked Im-

munosorbent Assay (ELISA). Plasma samples were thawed on ice and centrifuged for 5 

min at 10,000 ×g at 4°C to remove any remaining cells or platelets. Plasma level of 

METRNL was measured using the Human METRNL ELISA kit (LifeSpan BioSciences, 

Inc., Seattle, WA, USA. Cat# LS-F13315).  The samples were diluted 10× with sample dil-

uent. ELISA was performed according to the manufacturer's instructions. The intra-assay 

coefficient of variation was 5.0%–10.0% while the inter-assay coefficient of variation was 

< 10%. Plasma level of irisin was measured using the irisin recombinant ELISA kit (Phoe-

nix Pharmaceuticals, Inc., Burlingame, CA, USA. Cat #EK-067-29) following the manufac-

turer’s kit instructions. Plasma samples were diluted 40× with the 1× assay buffer (pro-

vided in the kit). The intra-assay coefficient for this ELISA assay was 1.0%–7.0%, while the 

inter-assay coefficient was < 20%.  

 

2.4 Measuring the levels of bone markers in plasma 

 

Plasma levels of various bone markers namely: Osteoactivin, Syndecan, OPG and 

SPARC were assessed using a customized human premixed multi-analyte bone panel kit 

for Luminex assay (R&D systems, Minneapolis, MN, USA. Cat# LXSAHM). Samples were 

thawed on ice and centrifuged for 5 min at 10,000 ×g at 4°C to remove any remaining cells 

or platelets. The level of the various bone markers was measured. Plasma was diluted 2× 

with the sample diluent and the assay was performed following the manufacturer's kit 

instructions. The assay was run on the Bio-Plex 200 system (Bio-Rad, CA, USA) and the 

Bio-Plex manager software was used to quantify the concentration of each analyte. The 

confidence level between the expected and observed concentration levels for each analyte 

was between 95-105% as assessed by the system.  

 

2.5 Statistical Analysis 

 

Student t-test was used to compare clinical data between T2D and non-diabetic peo-

ple and between non-obese and obese people. The Mann–Whitney U test compared the 

plasma levels of METRNL and irisin. Spearman’s correlation coefficient was used to de-

termine the association between METRNL and irisin and to study their correlation with 

clinical and biochemical parameters. Data is reported as mean ± standard error of mean 

(SEM). Statistical assessments were 2-sided and considered statistically significant at p < 

0.05. Analyses were performed using SAS software (version 9r; SAS Institute Inc., Cary, 

NC, USA).  

3. Results 

3.1 Characteristics of the study population 

 

Selected characteristics of our sample population was studied by stratifying the pop-

ulation into 4 groups (non-diabetic: non-obese and obese, and T2D: non-obese and obese). 

The difference in BMI and waist/hip ratio was significantly higher in the non-diabetic 

obese people as compared to the non-diabetic non-obese people (p < 0.05). Moreover, the 

non-diabetic obese group demonstrated a significantly higher value of HOMA-ß. How-

ever, the T2D obese group showed significantly higher FBG, and HbA1c when compared 
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to the T2D non-obese group (Table 1). Circulating levels of irisin and METRNL were sig-

nificantly higher in T2D and obesity, as shown in our previous report [7].  

Table 1: Physical and biochemical characteristics of the non-diabetic and diabetic population categorized based on obesity 

 

 

Phenotype 

Non-Diabetic 

(n= 124) 

Diabetic 

(n=104) 

Non-Obese 

(n=73) 

Obese 

(n=51) 

p-value Non-Obese 

(n=38) 

Obese 

(n=66) 

p-value 

Age (years) 40.5 ± 1.40 43.64 ± 1.77 0.171 51.24 ± 1.60 52.91 ± 1.11 0.392 

†BMI (kg/m2) 25.31 ± 0.35 34.04 ± 0.45 <0.001 26.89 ± 0.37 34.34 ± 0.30 <0.001 

Waist/Hip ratio 0.83 ± 0.02 0.89 ± 0.01 0.005 0.92 ± 0.02 0.98 ± 0.03 0.072 

‡TC (mmol/L) 5.10 ± 0.11 5.09 ±0.14 0.939 4.84 ± 0.27 4.93 ± 0.14 0.769 

§HDL (mmol/L) 1.39 ± 0.05 1.34 ± 0.05 0.478 1.23 ± 0.10 1.15 ± 0.05 0.435 

¶LDL (mmol/L) 3.19 ± 0.1 3.21 ± 0.13 0.897 3.02 ± 0.21 3.0 ± 0.13 0.918 

§§TGL (mmol/L) 1.12 ± 0.12 1.214 ± 0.10 0.532 1.50 ± 0.18 1.71 ± 0.15 0.373 

††FBG (mmol/L) 5.23 ± 0.15 5.45 ± 0.13 0.267 7.21 ± 0.38 8.70 ± 0.41 0.009 

‡‡HbA1c (DCCT%) 5.56 ± 0.09 5.57 ± 0.08 0.892 6.66 ± 0.21 8.23 ± 0.22 <0.001 

Insulin  8.96 ± 0.79 9.58 ± 0.91 0.609 16.80 ± 2.16 14.13 ± 1.37 0.3 

Data are presented as mean ± SEM. One-way ANOVA and post-hoc Bonferroni tests were used to compare various clinical and 

biochemical parameters (n=228). †BMI (body mass index); ‡TC (total cholesterol); §HDL (high-density lipoprotein); ¶LDL (low-den-

sity lipoprotein); §§TGL (triglycerides); ††FBG (fasting blood glucose); ‡‡HbA1c (hemoglobin A1c).  

 

3.2 Expression of Bone markers in circulation 

 

Measurement of circulating bone markers in plasma showed significantly higher lev-

els of Osteoactivin in people with T2D (20.614 ± 0.588 ng/mL) as compared to non-diabetic 

people (16.591 ± 0.298 ng/mL with P < 0.0001) (Fig. 1A). A significant increase was also 

observed in OPG (T2D = 989.55 ± 33.08 and non-diabetic=726.76 ± 17.39 pg/mL with P < 

0.0001) (Fig. 1B), SPARC (T2D = 1118.749 ± 108.294 and non-diabetic= 810.867 ± 49.725 

ng/mL with P = 0.01) (Fig. 1C) and Syndecan (T2D = 2075.57 ± 97.93 and non-diabetic= 

1748.32 ± 63.11 pg/mL with P = 0.01) (Fig. 1D). When the population was classified on the 

basis of obesity a significant increase was observed in the level of Osteoactivin (19.128 ± 

0.447 ng/mL) and OPG (890.43 ± 28.28 pg/ml) in obese as compared to non-obese people 

(16.926 ± 0.400 ng/mL and 752.87 ± 20.90 pg/ml respectively) with P < 0.0001 (Fig. 2A & 

2B). Syndecan showed a trend of increase that did not reach significance. However, 

SPARC did not show any significant difference. Further classifying the population into 

the 4 groups, obese non-diabetic people had significantly higher plasma level of Osteoac-

tivin (17.363 ± 0.499 ng/mL) and OPG (768.82 ± 29.70 pg/ml) when compared to non-obese 

non-diabetic people (Osteoactivin = 16.036 ± 0.358 ng/mL and OPG = 696.90 ± 20.57 pg/ml) 
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with P = 0.03 and 0.04 respectively (Table 2). No significant difference was observed in the 

level of SPARC and Syndecan between non-diabetic obese and non-obese people (Table 

2). Within the T2D population further stratification based on obesity did not show any 

significant difference in the level of all bone markers studied. 

 

Figure 1. Bone marker level in plasma in all populations (n = 228). Comparing non-diabetic to T2D 

individuals. (A) Osteoactivin, (B) Osteoprotegerin (OPG), (C) Osteonectin (SPARK), (D) Syndecan. 

Levels of bone markers in plasma was determined using a multiplex bone panel. The population 

was classified based on their diabetic status. Diabetes was defined by fasting plasma glucose ≥ 

126mg/L (7 mmol/L). Statistical assessment was 2-sided and considered statistically significant at 

*p < 0.05, **p ≤ 0.01, ***p < 0.001. 
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Figure 2. Bone marker level in plasma in all populations (n = 228). Comparing non-Obese to Obese 

individuals. (A) Osteoactivin, (B) Osteoprotegerin (OPG), (C) Osteonectin (SPARK), (D) Syndecan. 

Levels of bone markers in plasma was determined using a multiplex bone panel. The population 

was classified based on obesity. Obesity was defined based on BMI, where participants with BMI > 

30 kg/m2 were considered obese and those with BMI between 20 and 30 kg/m2 were considered 

non-obese. Statistical assessment was 2-sided and considered statistically significant at ***p < 0.001. 
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Table 2: Plasma level of Bone markers in non-diabetic and diabetic population categorized based on obesity 

 

 

Bone 

Markers 

Non-Diabetic 

(n= 123) 

Diabetic 

(n=104) 

Non-Obese 

(n=73) 

Obese 

(n=50) 

p-value Non-Obese 

(n=38) 

Obese 

(n=66) 

p-value 

Osteoactivin (ng/ml) 16.036 ± 0.358 17.363 ± 0.499 0.03 19.54 ± 1.067 21.21 ± 0.691 0.19 

OPG (pg/ml) 696.90 ± 20.57 768.82 ± 29.70 0.04 912.80± 45.88 1034.33±44.27 0.06 

SPARC (ng/ml) 795.04 ± 71.33 834.00 ± 64.65 0.68 1331.61 ± 74.49 957.92 ± 133.71 0.09 

Syndecan (pg/ml) 1680.65 ± 79.69 1842.31 ± 02.01 0.21 2256.03 ± 43.08 1972.03 ± 129.43 0.14 

Data are presented as mean ± SEM. One-way ANOVA and post-hoc Bonferroni tests were used to compare various bone biomarkers 

(n=228). 

 

3.3 Correlation analysis 

 

We categorized the population based on their diabetes status; the correlation analysis 

was performed only on the non-diabetic population adjusted for age. This was done to 

exclude the effect of T2D related drugs. We observed a significant correlation between the 

levels of irisin and METRNL with Osteoactivin (r2 =0.32 and P < 0.0001; r2 =0.2 and P = 

0.01 respectively) (Fig 3A & Fig 4A). Irisin also showed a significant correlation with OPG 

(r2 =0.21 and P = 0.01) (Fig 3B).  
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Figure 3. Correlation analysis between irisin and bone marker. (A) Osteoactivin, (B) Osteopro-

tegerin (OPG), (C) Osteonectin (SPARK), (D) Syndecan levels in plasma. Performed on the non-

diabetic individuals age adjusted. Irisin level in plasma was determined using enzyme linked im-

munosorbent assay (ELISA), bone marker levels in plasma were determined using a multiplex 

bone panel. Diabetes was defined by fasting plasma glucose ≥ 126mg/L (7 mmol/L). Spearman 

correlation coefficient was used to determine the association of irisin with the specific bone mark-

ers. Statistical assessment was 2-sided and considered statistically significant at **p ≤ 0.01. 

 

 

Figure 4. Correlation analysis between METRNL and bone markers. (A) Osteoactivin, (B) Osteo-

protegerin (OPG), (C) Osteonectin (SPARK), (D) Syndecan levels in plasma. Performed on the 

non-diabetic individuals age adjusted. METRNL level in plasma was determined using enzyme 

linked immunosorbent assay (ELISA), bone marker levels in plasma were determined using a 

multiplex bone panel. Diabetes was defined by fasting plasma glucose ≥ 126mg/L (7 mmol/L). 

Spearman correlation coefficient was used to determine the association of irisin with the specific 

bone markers. Statistical assessment was 2-sided and considered statistically significant at **p ≤ 

0.01. 

 

4. Discussion 

In this study we showed that plasma levels of Osteoactivin and OPG are increased with 

obesity and T2D concomitant with increased levels of irisin and METRNL. We also 

showed, for the first time, positive correlation between Osteoactivin and irisin and 

METRNL- the two main adipomyokines of our interest. Additionally, irisin showed a 

positive correlation with OPG. This association is particularly interesting as these bone 

markers are secreted by osteoblasts and play an important role in regulating the differ-

entiation of bone cells [23]. 

Our previous studies have shown that the level of irisin and METRNL is increased with 

obesity and T2D implying that this may be a physiological attempt to restore glucose 

tolerance or a defense mechanism to counteract metabolic stress or resistance to these 
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proteins, similar to insulin and leptin resistance [7]. Both Irisin and METRNL are pri-

marily secreted by the skeletal muscles. It is known that there is a strong bone-muscle 

interaction and it has been reported that irisin plays an essential role in the interaction 

between muscle tissue and bone metabolism [10, 24, 25]. Recently there has been a 

stronger link between irisin and bone metabolism through the identification of an integ-

rin αV/β5 that acts as the irisin receptor for on osteocytes [26]. The authors of this study 

also showed that irisin treatment led to increased sclerostin level in osteocyte-like cells 

which contrasts with what was previously reported by Colaianni et al. where irisin level 

was negatively associated with sclerostin levels [27]. These conflicting data were thought 

to stem from a fundamental paradigm difference in the function of irisin like what is 

observed with the parathyroid hormone (PTH) where it has both anabolic and catabolic 

effects on the skeleton [28]. It was postulated that increased level of irisin over an ex-

tended period can lead to increased bone catabolism while its knockout can lead to bone 

formation [28]. Additionally, our data shows a strong association between irisin, 

METRNL and two of the main bone remodelling factors namely, Osteoactivin and OPG. 

We suggest that this association may indicate a dysregulation in the functional interac-

tion between these molecules that could play a possible role in the development of bone 

related complications associated with obesity and T2D. Our previous studies have 

shown that the level of irisin and METRNL is increased with obesity and T2D implying 

that this maybe a physiological attempt to restore glucose tolerance or a defense mecha-

nism to counteract metabolic stress or resistance to these proteins, similar to insulin and 

leptin resistance[7]. 

Beyond its function in physically and mechanically supporting the body, the musculo-

skeletal system has been shown to secret hormones that are involved in regulating meta-

bolic and inflammatory pathways. One such protein that plays an important role in bone 

metabolism is Osteoactivin, which is also known as GPNMB, is a membrane- bound pro-

tein that is highly glycosylated and localized on the cell surface or stored in endo-

somes/lysosomes. It can be cleaved to generate a soluble isoform [29]. This protein was 

originally discovered in melanoma cell lines [30], Osteoblasts [31] and dendritic cells 

[32]. Osteoactivin is also expressed in other cell types, such as osteoclasts, skin melano-

cytes and retinal pigment epithelial cells, hepatocytes, and leukocytes [33]. It is reported 

to be involved in a wide range of functions that are important in both physiological and 

pathological cellular processes. Osteoactivin is a positive regulator of osteoblast differen-

tiation and has been recently identified as a regulator of lipogenesis in WAT.  It was 

found to exacerbate diet induced obesity and insulin resistance [34]. It was also linked to 

obesity-driven inflammation in adipose tissue [35]. Microarray and transcriptomic anal-

ysis done on animal models revealed that Osteoactivin is one of the highly upregulated 

genes in fat tissues [36, 37]. Furthermore, Katayama et al, showed that overexpression of 

Osteoactivin in transgenic mice ameliorated fat accumulation and fibrosis in the liver in 

a diet-induced obesity model [38].  

Osteoactivin affects adipose tissue macrophages, where it was shown to be highly ex-

pressed in macrophages within the adipose tissue of obese mice and humans [33]. Other 

reports have also shown that it is produced by macrophages and released in soluble 

form [39].  It is involved in suppressing T-cell activation as well as it suppresses the cy-

tokine production [40]. Yu. et.al concluded that Osteoactivin positive macrophages neg-

atively regulate inflammation as they observed that anti-inflammatory M2 macrophages 

express more Osteoactivin than the pro-inflammatory M1 macrophages [41]. Several 

other studies support the role of Osteoactivin in limiting inflammation and favoring tis-

sue protection and repair at various sites (bone, kidney, and brain) [42, 43]. Therefore, 

we suggest that the overexpression of Osteoactivin observed in Obesity and T2D may be 

due to its possible role in combatting the adverse effects of inflammation associated with 

these conditions. Adipomyokines, such as irisin, are also known to play a role in main-

taining the systemic low-grade inflammation during the progression of metabolic dis-

eases. They are the key factors responsible for the skeletal muscle adaptive response to 
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low-grade inflammation [24]. The association observed between osteoactivin and irisin 

highlights an important link between the two molecules especially that they cross inter-

act in terms of their role in inflammation and insulin signaling. 

On the other hand, OPG is a member of the tumor necrosis factor (TNF) receptor super-

family, originally characterized according to its ability to suppress osteoclast formation 

by preventing the binding of receptor activator of nuclear factor-kappa B ligand 

(RANKL) to receptor activator of NF-kappa B (RANK) on osteoclast precursor cells. 

OPG is initially produced as a glycosylated monomer of 55–62 kDa, which then under-

goes homodimerization before being secreted as a disulfide-linked homodimer (the ma-

ture 110–120 kDa form) [44, 45]. The affinity of the OPG dimer for RANKL is much 

higher than that of the monomeric form [46]. OPG is expressed by many different cell 

types, including osteoclast precursors, mature osteoclasts, dendritic cells, B and T cells, 

fibroblasts, intestinal epithelial cells, vascular endothelial cells, and some cancer cells 

(e.g., breast and prostate cancers) [44]. The vascular role of OPG has gained much inter-

est as it depends on the interplay with its ligands, RANKL and TRAIL, and a bidirec-

tional modulation involving osteogenic, inflammatory and apoptotic responses. A study 

on OPG-deficient mice showed that these mice exhibited vascular calcification, suggest-

ing a protective role of OPG, particularly in terms of vascular calcification [47].  Numer-

ous clinical studies have consistently reported higher serum levels of OPG in association 

with cardiovascular outcome including coronary artery disease (CAD), vascular calcifi-

cation, advanced atherosclerosis, diabetic complications, heart failure, abdominal aortic 

aneurysm, and cardiovascular mortality [48]. In a study done on Chinese Postmenopau-

sal Women with Prediabetes and Type 2 Diabetes showed that serum OPG levels were 

significantly associated with HOMA-IR in the Chinese population and OPG levels were 

significantly higher in subjects with impaired glucose regulation. It is suggested that this 

increase in serum OPG levels is an insufficient compensatory self-defensive response to 

prevent vascular endothelial dysfunction and the progression of atherosclerosis [49]. 

Our study agrees with previous reports showing increased level of OPG in Obesity and 

T2D. It is however, still to be elucidated whether this overexpression of OPG protective 

or detrimental in the development and progression of vascular diseases which are 

closely linked to Obesity and T2D [50]. One of the main limitations of our current study 

is that it has a cross-sectional study design. This make it difficult to decipher the actual 

interaction between both irisin and METRNL with Osteoactivin and OPG. As a result, 

more functional analysis to better understand the interaction between these markers and 

establish their role in metabolic diseases need to be performed. 

5. Conclusions 

In conclusion, our findings suggest that there is a dysregulation in various markers in 

the musculoskeletal system mainly irisin, METRNL, Osteoactivin and OPG, which may 

result in the development of various complications associated with obesity and T2D. We 

also suggest that there is a possible cross-talk between adipomyokines and bone bi-

omarkers that may play a possible role in the development of bone and muscle related 

complications that are associated with obesity and T2D. Further studies are necessary to 

understand the mechanistic significance of their possible interplay. 
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