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Editorial 

Metformin is a member of biguanide antidiabetic drugs which has been widely used for 

treatment of Type 2 Diabetes Mellitus (T2DM) over 40 years. Bone is a highly dynamic tissue 

and its homeostasis mainly depends on the balance between bone resorption and bone 

formation through regulation of osteoblasts and osteoclasts. Recent studies showed that 

metformin has beneficial effects in maintaining bone metabolism [1,2]. Intriguingly, it has been 

reported that metformin has no effect on glucose levels in nondiabetic individuals [3,4]. These 

evidences suggested that metformin might be a considerable medication option for treatment 

of bone loss or prevention of fracture in patients with T2DM. However, its mechanism of action 

is becoming complicated and not fully understood according to recent emerged data. The aim 

of this review was to elaborate the potential signalling pathways of metformin on regulation of 

bone metabolism. 

 

Regulation of Metformin in Osteoblasts 

Osteogenic mechanism of metformin is always associated with the activation of AMP-

Activated Protein Kinase (AMPK). Metformin is carried through cell membrane by the help of 

Organic Cation Transporters (OCT) and further stimulate intracellular uptake and action on the 

respiratory chain complex I which would increase cellular AMP/ATP ratio [5]. These changes 

could activate the cellular energy sensor AMPK to promote osteoblast proliferation and 

differentiation [6]. Recent in-vitro and in-vivo studies indicated that metformin could prevent 

bone loss by activating the expression of osteoblast genes Runt-related transcription factor 2 
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(Runx2) and Lrp5, reducing receptor activator of of nuclear factor k B ligand (RANKL) level 

and stimulating Oteoprotegerin (OPG) expression in osteoblasts [7,8]. An in-vitro study 

showed that metformin had a direct osteogenic effect on osteoblasts by mediate the activation 

of phosphorylated Extracellular Signal-Regulated Kinase (ERK 1/2) signalling and stimulated 

the expression of endothelial and inducible nitric oxide synthases (e/iNOS) [9]. In addition, a 

study also found that metformin could significantly decrease intracellular Reactive Oxygen 

Species (ROS) production and apoptosis, and subsequent enhancement of Runx2 and Insulin-

Like Growth Factor 1 (IGF-1) gene expression to directly mediate osteogenic effect on 

osteoblasts in glucose culture [10]. Small Heterodimer Partner (SHP) could be activated by 

metformin which mediates the AMPK/USF-1/SHP pathway to increase the osteoblastogenesis 

directly [11]. A recent study demonstrated that metformin could directly promote the osteoblast 

differentiation of Mesenchymal Stem Cells (MSCs) by inhibiting GSK3β/Wnt/β-Catenin 

pathway and indirectly inhibited GSK3β by activation of AMPK signalling pathway [12]. 

 

Regulation of Metformin in Osteoclasts 

Metformin also showed its regulatory effects on AMPK to decrease osteoclastogenesis through 

inhibiting the signalling activation of three kinase/phosphatase enzymes, including LKB1, 

Calmodulin-Dependent Protein Kinase Kinase β (CaMKKβ) and TGF-β-Activated Kinase 1 

(TAK1) [13-15]. Studies have indicated that the activation of AMPK by metformin could be 

suppress RANKL-induced osteoclast formation and further reduce bone resorption [16-18]. 

Previous studies have demonstrated that accumulation of AGEs in the collagen played a crucial 

role in connection between bone alterations and diabetics, and AGEs could cause to increase 

bone turn by inhibiting osteoblastic phenotypic expression and increase osteoclastic resorption 

[19-21]. Furthermore, activation of AMPK by metformin mediation could suppress 

inflammation and osteoclastogenesis by ruling mammalian Target of Rapamycin (mTOR) and 

Nuclear Factor-kB (NF-kB) activity [22]. On the other hand, metformin effects mTOR 

signalling through AMPK dependent and independent pathways [23]. 

The potential regulatory mechanisms of metformin on osteoblast and osteoclast are 

summarized and showed in Fig. 1. Most of literatures proved that metformin has the positive 

effect on the maintenance of bone homeostasis via stimulating bone-formation osteoblast and 

inhibiting bone-resorption osteoclast. The growing evidences indicated that metformin could 

be a promising medication option in the prevention of osteoporosis, in particular to prevent the 

loss of bone mass and fracture in patients with T2DM. Multiple clinical and pre-clinical studies 

have demonstrated that metformin owns the beneficial effects in osteogenesis, however, an in-

vivo study showed that no osteogenic effects of metformin in ovariectomized C57BL/6 mice 

[24-26]. Moreover, a clinical study also showed no significant change in bone formation in 

metformin diabetic users [27]. These controversial results might be arisen from different 

conditions such as experimental methods, concentrations and duration of treatment with 



3 

 

  Li J | Volume 2; Issue 1 (2021) | JOSR-2(1)-006 | Editorial  

Citation: Li J. Metformin and Bone Metabolism. J Ortho Sci Res. 2021;2(1):1-4. 

DOI: http://dx.doi.org/10.46889/JOSR.2021.2101 

 

metformin, and test species or population, for example a study indicated that high concentration 

of metformin inhibited osteoblasts differentiation [28]. Therefore, further studies should 

investigate if metformin has beneficial effects on bone turnover and bone healing under a safe 

and effective dosage which can be applied clinically. Additional studies also might focus on 

whether metformin could be used either alone or in combination with other anti-osteoporosis 

medications. 

 

Figure 1: The multiple signalling pathways in which metformin affects bone metabolism. 
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