







    Skip to main content




    
        
        Thank you for visiting nature.com. You are using a browser version with limited support for CSS. To obtain
            the best experience, we recommend you use a more up to date browser (or turn off compatibility mode in
            Internet Explorer). In the meantime, to ensure continued support, we are displaying the site without styles
            and JavaScript.


    




    

    
            

            
                
                    Advertisement

                    
        
            
    
        
            
                [image: Advertisement]
        

    


        
    
                

            
        

    
        
            
                
                    
                    
                    
                        
                        
                            
                                
                                [image: Nature Reviews Endocrinology]
                            
                        
                    
                    

                    
                    	
                            
                                View all journals
                            
                        
	
                            
                                Search
                            
                        
	
                            
                                Log in
                            
                        


                

            

        

        
            
                
                    
                        	
                                    
                                        Explore content
                                    
                                
	
                                    
                                        About the journal
                                    
                                
	
                                        
                                            Publish with us
                                        
                                    
	
                                    
                                        Subscribe
                                    
                                


                        	
                                    
                                        Sign up for alerts
                                    
                                
	
                                    
                                            RSS feed
                                    
                                


                    

                

            

        
    


    
    
        
            
                	nature



	nature reviews endocrinology

	review articles

	
                                    article


    
        
        
            
            
                
                    	Review Article
	Published: 25 June 2013



                    Testosterone and insulin resistance in the metabolic syndrome and T2DM in men

                    	Preethi M. Rao1, 
	Daniel M. Kelly1 & 
	T. Hugh Jones1Â 



                    

                    
                        
    Nature Reviews Endocrinology

                        volumeÂ 9,Â pages 479â€“493 (2013)Cite this article
                    

                    
        
            	
                        3698 Accesses

                    
	
                        187 Citations

                    
	
                            26 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
    
        Subjects

        	Endocrinology
	Gonadal hormones
	Metabolic syndrome
	Type 2 diabetes


    


                
    
    

    
    

                
            


        
            Abstract
Obesity, type 2 diabetes mellitus and the metabolic syndrome are major risk factors for cardiovascular disease. Studies have demonstrated an association between low levels of testosterone and the above insulin-resistant states, with a prevalence of hypogonadism of up to 50% in men with type 2 diabetes mellitus. Low levels of testosterone are also associated with an increased risk of all-cause and cardiovascular mortality. Hypogonadism and obesity share a bidirectional relationship as a result of the complex interplay between adipocytokines, proinflammatory cytokines and hypothalamic hormones that control the pituitaryâ€“testicular axis. Interventional studies have shown beneficial effects of testosterone on components of the metabolic syndrome, type 2 diabetes mellitus and other cardiovascular risk factors, including insulin resistance and high levels of cholesterol. Biochemical evidence indicates that testosterone is involved in promoting glucose utilization by stimulating glucose uptake, glycolysis and mitochondrial oxidative phosphorylation. Testosterone is also involved in lipid homeostasis in major insulin-responsive target tissues, such as liver, adipose tissue and skeletal muscle.


Key Points

                	
                  Testosterone deficiency is highly prevalent in men with the metabolic syndrome and type 2 diabetes mellitus

                
	
                  Low levels of testosterone are an independent risk factor that predicts subsequent development of the metabolic syndrome and type 2 diabetes mellitus

                
	
                  Population studies in community-dwelling men have shown that testosterone deficiency is associated with increased all-cause mortality and cardiovascular mortality

                
	
                  The hypogonadalâ€“obesityâ€“adipocytokine hypothesis summarises the complex interaction of the above components and their contribution to the vicious cycle of obesity causing hypogonadism and vice versa

                
	
                  Interventional studies of testosterone replacement therapy have shown improvements in insulin resistance, body composition, glycaemic control, lipid metabolism and other cardiovascular risk factors

                
	
                  The benefit of testosterone on insulin sensitivity might be attributable to a complex regulatory influence on insulin signalling and glucose homeostasis in the major insulin-responsive target tissues
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                    Figure 1: The hypogonadalâ€“obesityâ€“adipocytokine hypothesis.[image: ]


Figure 2: Potential mechanism of testosterone action on cellular insulin sensitivity and glucose homeostasis.[image: ]
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