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Editorial

Men and women are biologically distinct. Their body structures 
and hormonal patterns are quite different, which implies the 
presence of clear functional differences. In recent reports, dis-
tinct immune responses have been described in men and wom-
en. These are presumed to contribute to differences between 
men and women in immune responses concerning various auto-
immune diseases, malignancies, and infectious diseases. There-
fore, it is essential to consider sex as a biological variable in the 
context of scientific research [1]. 

Recently, Kim et al. [2] reported that ovarian removal itself 
did not increase susceptibility to noise-induced hearing loss in 
an animal model, although administration of estrogen could im-
prove hearing recovery and reduce hair cell loss in the cochlea 
after noise exposure. On the basis of those findings, it is impor-
tant to consider whether there are hearing-related differences 
between men and women. Liu et al. reported that men experi-
ence more frequent deafness or serious hearing difficulty than 
women, on the basis of a large meta-analysis [3]. Other reports 
have indicated that men are more sensitive than women to 
noise-induced hearing loss [4]. The mechanisms of hearing loss 
are complex and diverse, although they most commonly involve 
reactive oxygen species formation inside the cochlea and subse-
quent tissue damage (i.e., loss of auditory hair cells and nerve fi-
bers). For example, a study demonstrated differences between 
male and female animals in the regulation of cochlear blood 
flow, which is important in the context of hearing due to the ef-
fects of ischemia and oxidative stress [5]. 

In particular, the hormonal profile differs considerably be-
tween the sexes, and this influences organ function throughout 
the body. Several studies have investigated the effects of estro-
gen on hearing, and one found that hearing is influenced by the 
menstrual cycle through changes in serum levels of estrogen and 
progesterone [6]. Furthermore, attempts have been made to 
maintain hearing in post-menopausal women by administering 
estrogen hormone replacement therapy (HRT), but no studies 
have shown a protective effect against age-related hearing loss. 

However, a report found that women receiving HRT had a 
higher risk of self-reported hearing loss [7]. The actions of estro-
gen are mediated through its interactions with two estrogen re-
ceptors (ERα and ERβ). In the mouse inner ear, the reported ex-
pression patterns of ERα and ERβ are broad and vary across co-
chlear areas (ERα: inner hair cells, outer hair cells, types I and II 
spiral ganglion neurons, Reissner’s membrane, stria vascularis, 
and spiral ligament; ERβ: inner hair cells but not outer hair cells, 
Reissner’s membrane, and stria vascularis, with lower expression 
in types I and II spiral ganglion neurons) [8]. In addition to the 
two canonical ERs (ERα and ERβ), a family of estrogen-related 
receptors (ESRR or ERR: ERRα, ERRβ, and ERRγ) may also 
contribute to hearing physiology. Therefore, further research 
into the mechanism by which estrogen affects hearing will be 
clinically meaningful, and a follow-up study on HRT is highly 
anticipated. Women are more likely than men to receive estro-
gen HRT. Thus, it will be important to determine whether wom-
en also have a higher likelihood of hearing improvement. 
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