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            Abstract
Idiopathic hypogonadotropic hypogonadism (IHH) has an incidence of 1â€“10 cases per 100,000 births. About 60% of patients with IHH present with associated anosmia, also known as Kallmann syndrome, characterized by total or partial loss of olfaction. Many of the gene mutations associated with Kallmann syndrome have been mapped to KAL1 or FGFR1. However, together, these mutations account for only about 15% of Kallmann syndrome cases. More recently, mutations in PROK2 and PROKR2 have been linked to the syndrome and may account for an additional 5â€“10% of cases. The remaining 40% of patients with IHH have a normal sense of smell. Prior to 2003, the only gene linked to normosmic IHH was the gonadotropin-releasing hormone receptor gene. However, mutations in this receptor are believed to account for only 10% of cases. Subsequently, mutations in KISS1R, TAC3 and TACR3 were identified as causes of normosmic IHH. Certain genes, including PROK2 and FGFR1, are associated with both anosmic and normosmic IHH. Despite recent advances in the field, the genetic causes of the majority of cases of IHH remain unknown. This Review discusses genes associated with hypogonadotropic disorders and the molecular mechanisms by which mutations in these genes may result in IHH.


Key Points

                	
                  The genetic basis of the vast majority of cases of idiopathic hypogonadotropic hypogonadism (IHH) remains unknown

                
	
                  IHH with anosmia (Kallmann syndrome) is caused by the defective developmental migration of gonadotropin-releasing hormone (GnRH) and olfactory neurons; associated genes encode proteins involved in this migration

                
	
                  Molecular mechanisms that underlie IHH in patients with a normal sense of smell are diverse and may involve genes that regulate development and/or GnRH secretion or action

                
	
                  A considerable number of IHH cases probably involve mutations in more than one gene; that is, these cases are polygenic

                
	
                  Sex-associated factors also contribute to the IHH phenotype
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                    Figure 1: The genetic basis of idiopathic hypogonadotropic hypogonadism.[image: ]
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