Physiological and Endocrine Crosstalk between Adipose Tissue Hormones and Bone Metabolism: Implications for Osteoporosis
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ABSTRACT 

	[bookmark: _GoBack]Aims: The objective of this review is to summarize the physiological and endocrine interplay of adipose tissue hormones, such as resistin, chemerin, and adiponectin, with bones. It also intends to answer how disturbances in these hormones are involved in the development or progression of osteoporosis. Study Design: Narrative review based on current scientific evidence examining the mechanisms linking adipose tissue function, adipokine secretion, bone remodeling, and osteoporosis risk. Place and Duration of Study: This review was conducted at the Health and Medical Techniques College, Northern Technical University, Iraq, between January and October 2025. Methodology: A comprehensive literature assessment was performed using recent peer-reviewed research focusing on the biological roles of adipose tissue hormones and their regulatory actions on osteoblast and osteoclast activity. Studies investigating molecular pathways, hormone expression patterns, bone mineral density, and metabolic correlations were examined. Key findings were synthesized to describe the shared endocrine pathways between adipose tissue and the skeletal system. Results: Evidence indicates that altered adipokine profiles significantly influence bone remodeling. Resistin expression increases during osteoclast differentiation and is associated with reduced bone density. Chemerin demonstrates a negative regulatory effect on osteogenesis and is elevated in individuals with obesity, contributing to impaired bone quality. Adiponectin exhibits dual actions: it enhances osteoblast proliferation while also promoting pathways linked to osteoclast activation. Overall, elevated levels of these adipokines are consistently associated with decreased bone mineral density and greater susceptibility to osteoporotic fractures. The findings highlight a strong metabolic and inflammatory link between adipose tissue dysfunction and osteoporosis. Conclusion: Adipose tissue hormones play a critical role in bone metabolism and may serve as biomarkers and therapeutic targets for osteoporosis. Understanding this adipose–bone endocrine axis may support early risk identification and guide future strategies aimed at preventing or managing osteoporosis. decrease medical as well as financial burden, hence improving the management of cirrhotic patients. These predictors, however, need further work to validate reliability.	Comment by alzahraa: The abstract cannot be divided; it must clearly state the importance of the study, the most important results obtained, and the main conclusions. 
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1. INTRODUCTION 

Osteoporosis is categorized by a reduction in bone bulk and distraction of its construction, Therefore, there will be a possibility of rising bone weakening and bone breakage danger (Kanis et al, 2021). It is termed the "silent illness" because it can lead to breakages and bone disintegration although it does not lead to important signs when it is not sophisticated. Therefore, the danger of osteoporosis has been determined as a load of the schemes, complexities, sometimes dying, and prices of treatments (Rinonapoli et al, 2021). Osteoporosis is progressively prevalent in women after the age of 55 years, as well as in men after the age of 65 years, which illustrates the negative effect of old ages on both bone metabolism, and the mechanism of controlling bone remodeling in a method especially concordant to sex. In men it related to lessened bone construction and improvement, but in women it is linked to heightened bone desorption (Compston et al, 2019). The physiological relationship between the normal function of any organ in the body and its impact on other adjacent or systemic disorders or secondary infections may be the key to limiting the development of pathological processes in organs, especially vital ones (Ghareeb, 2025; Al-Bayti et al, 2022). Adipose tissue considered endocrine glands that produce a broad domain of secondary elements. Communally, they are named resistin, chemerin, and adipokines (Zhang et al, 2021; Rashad et al, 2022).
Osteoporosis is an interdependent healthiness trouble that endangers the stiffness and raises the death rate among the older ages. Both men and women are suffering by this bone defect (Chitra, 2021). Osteoporosis was first described in 1993 as a systemic skeletal illness whose chief characters are diminished bone bulk and microstructural degredation of bone tissue, resulting fragile bones and augmented vulnerability to breakage (Peck, 1993). It is identified by calculating bone mineral density (Matzkin et al, 2019). The men and women over the age of 65 and 55 respectively are most susceptible to fractures related to osteoporosis, which expresses the negative effect of old age on bone metabolism (Compston, 2017). The impact of sex hormones is not restricted to both the metabolism of osteoblasts and osteoclasts, however, several other hormones have the ability to affect bones when their levels differ with aging (Compston, 2019).
Bone is composed from bone tissue established in the cortical area, and the hard external segment, generally recognized as compact bone, covers and assists the internal spongy building. The three sections of cortical bone are the periosteum, the intracortical region, and the endosteum (Bartl and Bartl 2019). The periosteum is a fibrous membrane that comprises blood vessels and bone nerves. Its functions are protection the external coat of all bones, responsibility for bone growth, and roughly protection the whole bone with the exclusion of the portions that include the joints, which are protected by hyaline cartilage (Robson and Court, 2019). Volkmann's canals are minor ducts in the bones that carry blood vessels from the periosteum to the region inside the bone cortex (Pagano et al, 2016). Figure 1 exhibit the construction of bone.	Comment by alzahraa: I think it's best to place this section at the beginning of the introduction so that the reader can understand bone structure and then learn about osteoporosis.
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Fig.1. Bone structure (Walker, 2020)


2. Pathophysiology
Bones offer construction cover for organs, and storage of minerals which are essential for bone development. The body remains to make bones and the peak mass of bones complete about age of 30 years, after which it starts to progressively miss bone bulk, but numerous issues can influence bone bulk, such as: exercise, nourishment, certain illnesses, and drugs (Tu et al, 2018). Throughout life, bone is reconstructed, which involves the continual desorption by osteoclasts and substitution by novel bone synthesized by osteoblasts. It leads to raise in the holes in the bone hollow, which produces bones that are lower flexible and further vulnerable to breakages (Saedi et al, 2020), as displayed in figure 2.
Hormones and growth factors have relationship with controlling bone activities. First of all, estrogen and testosterone have an important effect on bone reconstruction by preventing bone disintegration. Parathyroid hormone has significant correlation with bone creation by raising bone cell proliferation through controlling calcium homeostasis (Compston et al, 2017). Osteoporosis is grouped as primary affect the men and postmenopausal women older than 70 years old and secondary occur to some extent by other illnesses, drugs or idiopathic (Kanis et al, 2019).
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Fig.2. Comparison between normal (left) and osteoporotic bone (right) (Meyer, 2009).	Comment by alzahraa: Verify the reference

2.1. Primary Osteoporosis
It is characterized by a decreasing in bone bulk. It is not link to other chronic illnesses, but related with aging and reduced gonadal activity. There are factors that participate with this situation such as inadequate calcium consumption for prolonged periods, an inactive lifestyle, drinking alcohol, and also smoking (Hendrickx et al, 2015).
2.2. Secondary Osteoporosis
It is formed by several medical situations (Kanis et al, 2019), such as calcium and vitamin D inequality (Tu et al, 2018), cushing's syndrome that correlated with heightened glucocorticoid releasing (Kim, 2018), and rheumatoid arthritis that needs long-term therapy with glucocorticoids because bone mineral density (BMD) reduces quickly within three to six months of beginning treatment with glucocorticoids (Buckley et al, 2017). It is generally has relationship with glucocorticoid utilizing, extreme alcohol consumption, and hypogonadism in men (Adler, 2018). For example, men who obtain androgen-deprivation therapy (ADT) for prostate cancer are more possible to suffer from osteoporosis. As a result of a high percentage of those men treated with ADT being exposed to bone breakages (Shahinian et al, 2005). Osteoporosis in 32.4 % of women was illuminated to be resultant of secondary conditions, most commonly vitamin D deficiency, calcium malabsorption, hyperparathyroidism, and hyperparathyroidism (Sheu and Diamond, 2016).

3. Adipose Tissue
It is one of the tissues significant to keep its physiological effects and quality (Hauner, 2005), and it considered the chief energy store for the body (Kershaw and Flier, 2004), because it comprises a sole kind of cell termed adipocytes (Hauner, 2005). In general, adipose tissue has two basic forms : First ,white adipose tissue (WAT) that is originated in mammals, particularly in the human body, as it represented up to 20% of body weight in male, and 25% of body weight in female. On single big droplet of fat, the WAT cell directs the nucleus to stabilize in a tinny edge of the margin (Banerjee et al, 2011), the WAT act to preserve energy by accumulation of glucose and free fatty acids resultant from triglycerides (Franssens et al, 2017).	Comment by alzahraa: Verify the reference
Second form is brown adipose tissue (BAT), is an extremely oxidized tissue that comprises numerous fat cells with mitochondria (Lee, 2014). It is originated in mammals, particularly in species that hibernate as well as in humans, and is predominantly found in large amounts. Its principal action in human and animal neonates is production of body heat. Its brown color is due to its contents of numerous tinny drops and a huge number of mitochondria, which involve iron, on the contrary of white fat cells (adipocytes), which comprise one fat drop. It also comprises much capillaries than white fat, because it has a superior requirement for oxygen than most tissues (Enerback, 2009). 
There is relationship between adipose tissue and metabolic diseases as several unsafe consequences such as heart diseases, nephropathy, retinopathy, and diabetec food occur in diabetes mellitus type II patients who have elevated levels and inequity of fat (Lateef et al, 2023). The construction and action of the main garages of human adipose tissue is illustrated in figure 3.
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Fig.3. structure and function of the primary depots of human adipose tissue (Cinti, 2018).

4. Adipokines
They are polypeptide cytokines that are released from adipose tissue in a controlled way (Thondam et al, 2020). Fat cells secrete several of these proteins, but adipose tissues also produce elevated level of cytokines such as tumor necrosis factor (TNF) and Interlukin-6 (IL-6) (Ghareeb & Sheikhzadeh, 2024; Maury and Brichard, 2010). Different bacterial infection has relationship with the elevated concentration of TNF-α and IL-6 (Abdulmalek et al, 2024). A research work confirmed the association of osteoporosis with prominent high concentration of IL-6 in postmenopausal women (Ahmed, 2023). Figure 4 revealed the classification of adipokines. 	Comment by alzahraa: It needs to be rephrased
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Fig.4.Classification of adipokines (Lee et al, 2019)

4. Resistin
It is a protein, also termed as adipocyte inflammatory zone secretory factor 3 (FIZZ3), which composed from 108 amino acids (Zaidi and Shirwany, 2015). It was first described by Steppan and his group in 2001. It is definitely released and presented by adipocytes (adipose-tissue-specific secretory factor) as a tinny protein in mice. Its concentrations were detected to rise actually in persons who have obesity due to nutrition or genetic factors. Afterwards, it was advised that resistin has a relationship with evolution of insulin resistance, and also one of the reasons that leads to development of obesity to the diabetes. The biological functions of resistin on humans are not entirely known. The resistin significance represented by regulation of immune responses, inflammations and autoimmune diseases (Acquarone et al, 2019).
Adipose tissue releases free fatty acids to produce energy as well as it also releases tissue-specific polypeptides such as resistin. The concentration of resistin declines in obesity/pre-diabetes (Gateva et al, 2018). Human resistin is among the inflammatory regulators that control inflammatory mechanisms in macrophages and human peripheral blood (Tripathi et al, 2020). 
Resistin presentation has also been noticed in osteoblasts and osteoclasts and the secretion of this adipokine increased during osteoclast differentiation (Lombardi et al, 2016). This clarifies the mechanism of action of resistin in bone metabolism and restoration in two chief methods: stimulating osteoclast differentiation (Cervellati et al, 2016). It was indicated that resistin levels may be negatively linked with mineral density in the lumbar spine (Van Nieuwpoort et al, 2018). Patients suffer from a hip fracture have elevated concentrations of resistin (Levy et al, 2019). There was also a negative correlation between resistin and mineral density in the femoral neck, although the relationship between resistin and lumbar spine was not statistically significant (Mohiti-Ardekani et al, 2014). An opposite association between resistin and osteocalcin was appeared in patients with hip fracture due to osteoporosis (Albadah et al, 2015). 

5. Chemerin
It is a chemoattractant protein with has 18 kilodaltons molecular weight. It is produced by fat cells resultant mostly from fat and other tissues (Iskandar et al, 2016). It has been observed that chemerin associated with inflammation and obesity, because it has a relationship with the immune system and metabolism (Haberl et al, 2018). The level of blood chemerin rises in people who suffer from overweight and obesity (Ba et al, 2019). Furthermore, chemerin concentration is positively linked with different estimations of obesity such as body mass index, and it established as indicators of inflammation (Buechler et al, 2019). 
     Furthermore, chondrocytes can present chemerin and its receptors (Ramos-Junior et al, 2017), and its presentation can be controlled by action of interleukin IL-1β in combination with adipokines and other glucocorticoids (Samancı et al, 2017). Researches elucidated the significance of chemerin in the pathophysiology of cartilage cells, as this protein is controlled by other molecules that initiate inflammatory mechanisms such as: IL-1β, leptin, etc. Its levels in plasma were detected to rise with age and it is also related with blood pressure, plasma triglycerides, body mass index, and fasting serum insulin level (Kaur et al, 2018). 
The presence of chemerin has also been confirmed in human umbilical cord blood (Fatima et al, 2017). Its percentage rises in patients with polycystic ovary syndrome and obesity, with heightened presentation in subcutaneous adipose tissue. In recent times, chemerin and its receptor; chemerin like 1 (CMKLR1) have been documented in leydig cells in human testis (Elfassy et al, 2018), but its presentation is absent in human sperm, and it inhibits ovarian steroidogenesis (Lima et al, 2018) and GC granulosa cell apoptosis in mice (Kim et al, 2018). It decreases the presentation of growth differentiation factor 9, which stimulates GC proliferation in prenatal mouse follicles (Reverchon et al, 2014).
Chemerin is one of the adipokines that can control fat and bone creations. The activity of controlling depends principally on the facet of adipogenesis. So, it is really a negative controller during osteogenesis, and it can cause dedifferentiation of adipocytes and increase osteoblast and bone mineralization due to promoting correlation of adipocytes with presentation of chemerin or CMKLR1 (Muruganandan et al, 2017). There is an important opposite relationship between plasma chemerin levels and bone quality in a people founded specimen. This link was based on BMI and only obvious in obese individuals. The apparent correlation may belongs to a chemerin-prompted negative impact on bone metabolism, perhaps due to annulment of osteoblastogenesis or upgrading of adipogenesis via CMKLR1 (Kadric et al, 2018). Adipogenesis, and blood chemerin concentrations are heightened in overweight and obese persons (Lloyd et al, 2016). Results of currently published papers have demonstrated that chemerin may have a significant link in controlling bone metabolism (Ramos-Junior et al, 2017).

6. Adiponectin
It is a protein that is produced primarily from WAT. It is existed in other tissues, such as: muscle cells, osteoblasts, placental tissue, and liver. It is the supreme rich adipokine in human blood (Tanabe et al, 2020). Research works have presented that adiponectin can be utilized to correct insulin resistance by decline the quantity of intracellular fat, raising fatty acid oxidation, and improving insulin receptor signaling in skeletal muscle and liver (Schindler et al, 2017).
There are results illuminated that adiponectin has anti-inflammatory, antioxidant, and anti-atherosclerosis properties (La Russa et al, 2020). It has a significant relationship with stimulation of glucose transference and avoidance of glucose foundation through AMPK triggered protein kinase signals and has role to oxidize fatty acids. However, obesity diminishes the adiponectin production, and the patients with obesity and type 2 diabetes characterized by additional reduction in the blood level of adiponectin and little-effect chronic inflammation, due to increase in the production of TNF-alpha and IL-6 (Esser et al, 2014). 

Adiponectin has relationship with bone metabolism directly and indirectly (Zhang et al, 2012), by altering numerous signal transduction actions and bone reconstruction particles (Lin et al, 2014). It has direct impacts on bone cell proliferation and differentiation, and it suppress TNF-α and the stimulation of nuclear factor receptors (RANKL) and receptor activator of nuclear factor-κB ligand, encouraging the creation of osteoclasts (Chen et al, 2018). On the other hand, it may have destroying outcomes on bone metabolism by encouraging the RANKL pathway (Kanazawa, 2015). Its level is balanced in circulation, and contrarily associated with the concentrations of hormones, lipids, and all other circulating adipokines. Alterations in its level may reveal the evolution of metabolic illness, which can be diagnosed readily (Lewiecki et al, 2016). Several studies have proposed that adiponectin may be a possible prognostic indicator for elevated blood pressure (Deboer et al, 2016). Researches illustrate competition in the correlation of adiponectin to bone, as was negatively associated with bone mineral density and increased adiponectin was a self-determining risk factor for osteoporosis (Li et al, 2024; Saqi et al, 2023).

7. Conclusion
This review demonstrates that elevated levels of key adipose tissue–derived hormones—resistin, chemerin, and adiponectin—are strongly associated with impaired bone metabolism and an increased risk of osteoporosis. These adipokines influence osteoblast and osteoclast activity through metabolic, inflammatory, and endocrine pathways, ultimately contributing to reduced bone mineral density and structural deterioration. Understanding the adipose–bone hormonal axis provides important insights into osteoporosis pathophysiology and suggests potential biomarkers and therapeutic targets for early detection and improved management of the disease.	Comment by alzahraa: rewrite
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