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Introduction 
Hearing loss affects 1.5 billion people worldwide. Hearing loss 
can be conductive, sensorineural, or mixed. This study focusses 
on conductive hearing loss which has a prevalence of 8% in the 
UK as estimated in 2016 [1]. 

Conductive hearing loss (CHL) refers to tympanic membrane 
(ear drum) or ossicle (ear bone) defects as opposed to signals 
with the nerves or the brain’s interpretation. In a number of 
mammals such as mice, the middle ear is not functional at birth 
and matures postnatally [2]. This could limit the onset of hearing 
[3,4].

The ossicles originate from mesenchymal condensations in the 
early embryo and initially form as cartilage [5]. In mice, the 
ossicles ossify postnatal while surrounding mesenchyme in the 
area is cleared and replaced by air before hearing onset at 2 
weeks of age [6-9]. 

Otitis Media (OM) is a leading cause of CHL at school age [10]. 
Single studies have found CHL in 8% of schoolchildren in Iran 
whilst a global systematic review found ranges from 0.4% to 
64.5% in new-borns [11,12]. Ear drum perforation alone can 
cause CHL, and documented prevalence ranges have included 
1.3% in China, 2.1% in the USA  and 3% in South Africa [13-
15]. This study will aim to discuss the comorbidities aligned with 
CHL including Osteogenesis imperfecta (OI), Diabetes Mellitus 
(DM), Dementia, chromosomal disorders, and hormonal 
disorders as well as the mechanisms linking them to CHL. 

Comormidities
Osteogenesis Imprefecta
Earlier studies have proved that CHL is most common in 
younger individuals with Osteogenesis imperfecta (OI) [16,17]. 
In addition, Otavio et al, found adolescents presented with 30% 
CHL, versus adults who presented with 21% mixed type hearing 
loss, in a cross-sectional observational patient study with OI in 
a hospital in Brazil. In their total sample population conductive 
hearing loss was the most prevalent among the diverse types of 
hearing loss. This agrees with others, while disagreeing with 
others [18-21]. Overall, the pathophysiological mechanism 
of CHL caused by OI is through defects in the processing of 
Type I collagen. Mutations involving genes responsible for the 
synthesis or intracellular processing of type I collagen (COL1) 
or type II collagen (COL2) is associated with OI. 

Disordered type I collagen in the ear targets the auditory 
structures, leading to early onset hearing loss. There is also a 
link with OI and ossicle abnormalities. 

Berger et al. studied the histopathologic data from eight temporal 
bones of five patients with type III OI. Evidence of both missing 
and disordered ossification was found In another study stapedial 
crura were thin, deformed and fractured in three OI cases 
(Type III) [22]. Scanning electron microscope examination 
of patient’s middle ears with OI using the Calcium/Phosphate 
ratio as a criterion based on characteristic X-ray fluorescence 
demonstrated that the stapes had a higher ratio of calcium to 
phosphate and inadequate mineralisation in the OI patient 
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compared to normal, 2.6:1 to 2.1, respectively. This finding 
suggested a change in bone acidification  [23]. 

Metabolic Syndromes 
Diabetes Mellitus (DM)
Diabetes mellitus (DM) may affect middle ear function through 
structural and immunological input. A study by Shimura 
et al, 2024, on histopathology in the middle areas of Type II 
diabetic patients demonstrated marked ossicular joint changes. 
Additionally, a Mendelian randomization study by Kui et al, 
2024, demonstrated a causal association between Type 2 DM 
and a heighted risk of acute suppurative otitis media (ASOM), 
Indicating individuals with DM increased susceptibility to 
infections of the middle ear due to immune system disturbances   
[24]. 

A potential middle ear pathology related to DM is otosclerosis. 
Otosclerosis is a bone remodelling condition that affects the 
ossicles (stapes), leading to individuals with otosclerosis 
experiencing CHL due to the joining of the stapes in the oval 
window [25]. Studies have suggested a potential link between 
the two, due to the metabolic and vascular changes because 
of diabetes that compromise bone homeostasis. Furthermore, 
hyperglycaemia, a hallmark of DM, disrupts small blood vessels 
throughout the body. Middle ear structures rely on this blood 
supply. This may demonstrate that hyperglycaemia-related 
microangiopathy may affect vascularization of the middle ear 
and function [26].

Otosclerosis is also linked to female hormones being pro-
inflammatory [and the inflammation is linked to elevated bone 
turnover, during pregnancy the oestrogen elevation causes the 
start of otosclerosis [27, 28]. This (harmful) oestrogen effect 
coincides with other studies, where most subjects affected by 
otosclerosis were female [29, 30]. Recent studies have shown 
that female hormones increase collagen fibre, the concentration 
making the female ligaments comparably elastic in relation 
to males [31, 32]. The increased elasticity in females with 
otosclerosis, coincides with smaller air bone gap—the difference 
between air conduction and bone conduction audiometric 
threshold and better auditory thresholds. Female hormones 
effect on the ligament elasticity improving the ossicular chain 
movements [33-36]. During menopause there is also an increase 
in hearing loss coincident with the protective effect of hormones 
[37].

In a number of studies tympanometry was used to measure 
the compliance of the middle ear in diabetic animal models. B 
tympanograms were higher among the DM type I group and 
Type A tympanograms which indicate normal ear function were 
higher among the control groups. Type B tympanogram may 
indicate fluid in the ear and no movement in the ear drum. The 
DM type I group type B tympanograms in one study displayed 
significantly lower amplitudes in comparison to an age matched 
control [38, 39]. 

Other studies also reported a decreased compliance in the 
right ear of type I DM rats versus controls after tympanometry 
measurements. Explanations to the reduced compliance of 
include: 1) weakness of elastin and collagen fibres in the 
tympanic membrane 2) middle ear inflammation; 3) disorders of 

the ossicles [40]. In one study hearing impairments in DM type 
II were associated with diabetic neuropathy [41]. On the other 
hand, other studies reported increased compliance in the left 
ear of DM type I rats with tympanometry [42]. This state was 
seen in children with recurrent acute OM [43]. In contrast this 
reversed in Type II animals [42]. Explanations for the differences 
include lesser severity of type II DM [41]. On the other hand, 
others have concluded that type II DM is more severe in terms 
of hearing loss at high frequencies. The severe effect is linked. 
With lower serum levels of protein oxidation products, nitric 
oxide, and antioxidants [44].

Dementia- Alzheimer’s Diseases (AD)
A retrospective cohort study with propensity score matching 
for patients with and without hearing loss revealed 2.74% of the 
patients with CHL developed dementia compared to 1.22% of those 
patients without hearing loss [45]. Another study used two-sample 
Mendelian randomisation analysis to examine the causal effects of 
hearing impairment different subtypes and dementia subtypes noted 
a casual effect of CHL coincided with increased risks of AD [46]. 
Mechanisms underlying these produced mixed results. An animal 
study found that CHL by chronic perforation of the tympanic 
membrane worsens memory loss and reduces glucose metabolism 
in the hippocampus of mice with AD [47]. Similarly research links 
CHL and SHL in the ethology of hippocampal neurodegeneration 
[48, 49]. Additionally, patients with AD demonstrated increased 
pronounced difficulties in interpreted acoustically degraded 
speech compared to other types of Dementia [50]. Another study 
guessed primary progressive aphasia may involve an increased 
number of central auditory pathways, which may show increased 
susceptibility to the effects of abnormal folded proteins such as tau 
proteins among others [51].  

The link between hearing loss and dementia could be based on 
a  model proposed by Wayne et al,  that discusses  an interaction 
between bottom-up and top-down processing in the brain, and 
these connect to create the perceptual difficulties in perception, 
difficulties in  cognitive resources, negative psychosocial 
outcomes, and, impaired cognition [52]. 

Another study (n = 59,675) using a screening service by the 
Korean National Health Insurance Service to calculate odds 
ratios (OR) for cognitive impairment according to type of 
hearing loss subtype. In this study cognitive impairment was 
significantly associated with CHL (Odds ratio: 1.45, Confidence 
level 95%1.20-1.77) [53]. 

Chromosomal Syndromes
Down Syndrome (DS) 
CHL and SHL is present in children with Down syndrome (DS). 
Earlier studies note otologic and audiologic results in children 
with DS [54, 55]. Children with the hearing loss presented with 
narrow ear canals, hypotonia of the Eustachian tubes which 
could lead to OM with effusion as well as loss of hearing. 

In one study using the Audiological and Genetic Database 
(AudGenDB), audiograms of children with Down syndrome 
were analysed retrospectively for characteristics of hearing loss. 
This study reported an 11.4% of CHL among the down syndrome 
patients (Kreicher et al, 2018). In this study a review of CT or 
MRI scans of temporal bones were taken from 46 patients (92 
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ears). Clinical indications for radiologic scans included hearing 
loss, otorrhea, and chronic OM. Sixty-six / 92 ears (71.7%) 
presented with one abnormality. Ossicular abnormalities were 
found in seven ears, including anteriorly displacement incus long 
process, defects in malleus-incus articulation, small ossicles, 
and bony erosion. This aligns with another study [56].

In another study that looked at Retrospective analysis of temporal 
bone histopathology of down syndrome patients the incudo 
stapedial joint of patients with DS was significantly wider than the 
normal control. In this study 38 to 78% Down’s syndrome patients 
(Trisomy 21) had CHL  [57]. This coincides with other studies 
[58]. The function of this joint is to transfer vibrations between 
these two ossicles. This joint may be affected by hypotonia and 
ligament laxity. Other factors contributing to this include otitis 
media, chronic effusion, eustachian tube dysfunction  [60,61]. 
Other deformities included lowered cartilage density in the 
eustachian tube small and stenotic ear canals also lead to increased 
cerumen impaction hindering examination of the area [60]. 

Turner Syndrome 
Turner Syndrome (TS) is a chromosomal abnormality which is 
caused by partial or complete loss of the X chromosome. Turner 
syndrome (TS) a symptom of which is ovarian hypoplasia, and 
this can affect estrogenic production, which has a protective 
effect on hearing [62]. In addition, a few genes on the short arm 
of chromosome X may have a regulate hearing function, and 
their removal may cause abnormal craniofacial abnormalities 
including auricle abnormalities during development, which 
may coincide to a prolonged cell cycle [63,64]. Some patients 
with TS present with abnormalities of the eustachian tube,  
repeated occurrence of otitis media, middle ear effusion, 
and cholesteatoma which can lead to middle ear damage and 
progressive hearing loss [62-65 ].

Previous studies have identified osteoporosis  a disease characterised 
with  low bone mineral density can lead to HL, which may be 
connected with abnormal bone metabolism in the temporal bone, 
including  bone mass loss in the ossicular chain [66-69]. Yueniwati 
et al, found that BMD of cochlea, ossicles among other long bones 
was negatively related with hearing level, indicating that abnormal 
bone metabolism in TS may link to HL [70]. 

Hormonal Disorders 
Hypothyroidism
The effects of hypothyroidism on auditory development have been 
demonstrated in several rodent models [71-75]. Middle ear defects 
can include ossicular abnormalities and defects in cavitation of 
the middle ear. Most of these abnormalities can be reduced with 
treatment with thyroxine during hearing maturity although the 
sensitivity period to hormone is temporary [72,76, 77].

One study looked at severe hypothyroidism in two genetic 
models and links to hearing abnormalities [78]. DF/B-Prop1df/
df (p.S83P) and DW/J-Pou1f1dw/dw (p.W251C) mice have loss 
of-function mutations in two transcription factors that produce 
an arrested pituitary cell specification early in development 
and cannot synthesis thyroid be stimulating hormone, growth 
hormone, and prolactin. This resulted in a number of defects in 
the development of the middle ear. 
These mutants had persistent mesenchyme at 3 weeks, coinciding 

with higher hearing thresholds and the mesenchyme persisted 
through 4 months in Pou1f1dw/dew mutants, consistent 
with earlier studies with this mutant [78,79]. In contrast, the 
mesenchyme was completely gone by 4 months in Prop1df/df 
mutants, coinciding with their obtainment of normal hearing by 
that time [80]. Long lasting mesenchyme is linked to middle ear 
infections, which can influence cognitive functions. There was no 
difference in otitis media in hypothyroid mice that are susceptible 
or resistant to hearing loss.
 
Middle ear abnormalities are noted in Snell dwarf mice, which have 
pituitary hormone deficiency as well and in hypophysectomised 
rats  [81]. In addition, CHL has been observed in human thyroid 
diseases [82].

The developmental delay in bone maturation in Pou1f1dw/dw 
mutants also extended to other areas like the auditory bullae, 
in which the tympanic ring failed to appear. It was concluded 
that CHL contributes to the developmental delay in hearing 
acquisition of Prop1df/df mutants and to the persistent, profound 
deafness in Pou1f1dw/dw mutants [83]. 

These findings coincide with outcomes in thyroid stimulating 
hormone receptor mutant mice (Tshr−/−) and thyroid hormone 
receptor-deficient mice that are doubly mutant for both receptors 
(Thra1−/−, Thrab−/−). Both exhibit defects in inner ear and 
middle ear development including persistent retention of 
mesenchyme surrounding the ossicles, as well as enlargement of 
the ossicles and delayed ossification [84, 85].

Growth Hormone Deficiency (GHD) 
In one study looking at audiograms of children with GHD, out of 
293 ears 47 displayed conductive hearing loss. There was also a 
seasonal distribution of OM-related conductive hearing loss in 
children with GHD [86]. Research has described an association 
between hearing loss and IGF-1, a downstream factor of GH [87-
89]. Postnatally, IGF-1 depends on GH release for normal bone and 
organ development and is important  for aspects of ear development 
including  otic neuron proliferation and survival [87-92].

Discussion
OI
The main causes of CHL in OI included ossicular chain 
immobility as well as  discontinuation of the ossicles [16,20, 
21,93,94]. 

Conductive hearing loss was one of the biggest impairments of 
OI. This agrees with other studies [18,19,95]. While in opposition 
to others [17,20,21]. Type of OI was also associated with type of 
hearing loss where Type III OI was linked to CHL [95].

Many patients develop CHL in the second and fourth decade of 
life and then later this becomes more mixed or sensorineural. A 
number of authors agree with this [16,20,94-97]. Whilst some 
studies disagree. Of importance is to check hearing in patients 
with OI from childhood, so possible social losses decrease. 

Strengths of the studies reviewed included big sample sizes. 
Limitations included differing definitions among the studies for 
deafness level. Future studies could look at why some decades 
are more prone than others to CHL and genetic links. 
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Diabetes
The use of tympanometry measurements in DM participants 
needs to be combined with more functional and histology tests 
to get a complete picture. However, this does provide a useful 
technique for measuring middle ear function in different animal 
models. Recent evidence suggests alterations in microbiome, that 
in the nose, ear and oral regions could play a role in the ethology 
of OI. Given DM is associated with changes in microbiome [98]. 
Future studies could explore the link between microbiome and 
DM [99]. De Melker also found that certain measurements can 
be used to identify middle ear pathologies compared to others. 
For example, Pneumatic otoscopy is a more sensitive measure 
for pathologies compared to pure tone audiometry [99]. 

In terms of structural change of the ossicles in DM type II, one 
study demonstrated a marked reduction of the joint distance of 
the include malleal joint in DM patients   under 55 years old 
along with an elongation of the cartilage structure distance 
in compared to the control group  [100]. This may indicate a 
connection of DM with age related changes. Another study 
reported that in cases of presbycusis, the joint discus distance 
and the bone-line distance were longer markedly compared to 
control cases [101]. Similar cartilage decay and changes in joint 
integrity is also supported in other studies  [102].

An explanation for this includes the sensitivity of chondrocytes 
for glucose in cartilage [103]. This will impact their ability to 
maintain normal functions. In patients with DM and osteoarthritis 
this sensitivity to glucose links to the increase in free radicals 
[104-106]. A reduction in collagen synthesis and increase in 
proteolytic enzymes which will affect the structural integrity of 
cartilage [106]. Distribution of blood supply to the ossicles is 
also different in DM and ischemic lesions can develop which 
could affect these [107]. 

A research gap remains in those studies linking middle ear 
pathologies with DM. Very few studies exist and further 
longitudinal studies are needed to elucidate the relationship 
between DM types I and II and CHL and to explore existing 
pathophysiology [108, 109]. Studies would need to have larger 
sample sizes and much higher evidence levels. 

Dementia
The increase in hearing loss among dementia patients has been 
linked to shared neuropathology, cognitive overload, and the 
social isolation effects. Computational limitations exist in some 
of the studies surveyed compared to the smaller studies. Database 
issues including representation from 40% of US patents in some 
studies. Medical codes inputted could also have introduced 
variability and therefore bias. Medical codes entered for CHL in 
some studies may not be reliable owing to the complex nature 
of CHL. Biomarkers, imaging and clinical diagnoses may be a 
required for a more correct prediction. Ensuring suitable control 
groups would also be needed for future studies [45]. 

Downs Syndrome (DS)
CHL in DS ranges from 75% to 35% [110, 111]. Limitations 
include study population not a sample of children with DS, but 
rather a selected group enrolled during care. Second there is 
limited information on treatments that could have contributed 
to the outcomes. Study findings indicate the significance of 

increasing social awareness about early diagnosis of children 
with DS who have accompanied hearing issues [112].

Turner Syndrome (TS)
Most TS children are born with a normal hearing level. These 
children are more likely to develop Middle ear dysfunction early 
on in age [113].

A number of studies have identified the relationship between 
karyotype and HL in TS patients  [114, 115]. Growth retardation 
in the skull base due to the absence of SHOX gene and IGF-1 
reduction which is essential for the growth of the otic capsule 
may lead to a growth defect in mastoid, skull base and Eustachian 
tube which impact middle ear function [116, 117]. Recently, 
studies have found KDM6A (UTX) gene to be downregulated 
in TS individuals. This is linked to the immune system and links 
otitis media and CHL in TS patients [118].

A positive association between these genetic factors and hearing 
loss in TS patients has not been found in the papers reviewed. 
Future work could focus on this as well as ensuring there are 
adequate follow ups for hearing assessment in TS patients where 
possible. 

The studies strengths include large sample sizes and research 
design. Several limitations exist First; diagnoses were made by 
codes rather than diagnoses. Second levels of hormones were not 
present and third, certain biases might affect the results because 
data regarding risk factors like smoking were not present on the 
databases used [119].

Growth Hormone Deficiency (GHD)
In vivo and in vitro studies have revealed GHs ability to stimulate 
the proliferation of cultured outer ear (chondrocytes) of rabbits 
(Madsen et al, 1983). Increasing the amount of GH increases 
ossification and this could worsen hearing as seen in acromegaly 
[120]. 

However, this is not the case in TS when GH is administered 
[115, 121]. Interesting middle ear pathology reduces with 
accelerated bone mineralization of ear cavities in these girls with 
TS  [122]. 

Children in certain countries like Spain do not receive GH 
therapy despite being GH-deficient. The reasons are vast: Health 
agencies may need two negative GH provocative tests, a pituitary 
MRI, and a specific age. Hence, many children are not treated 
for GH-deficiency because of these specified requirements. 

Although studies in animal models are recent, their results 
and those in some GH-deficient children show promise with 
treatment with GH, alone or in combination with other factors. 
In fact, although GH might not have a direct effect, the hormone 
induces the expression of several factors, IGF-I, which have 
positive actions on improving hearing loss [91]. In any case, 
more studies are needed to analyse in detail the effects that GH 
can have on a damaged middle ear.

However, there are very few reports that document its efficacy in 
hearing and this needs to be developed further. 
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Thyroid Hormone Deficiency 
The deafness in Thra+/PV mice can be explained by middle ear 
issues. The ossicles pass sound waves mechanically between the 
outer and inner ears. There is amplification of the signal as its 
transmitted form air which has low impedance to a fluid with 
high impedance [123]. Remaining mesenchyme would dampen 
movement of sound between the ossicles. 

The ossicles are derived from the first two branchial arches 
and develop by mesenchymal condensation of mesenchyme. 
Subsequently, mesenchyme fills the cavity of the middle ear but 
is later removed to become air filled for low impedance [9, 123].
The mechanism of  Mesencyme clearance is unclear although 
a number of mechanisms have been speculated including 
migration, absorption into surrounding structures, or cell death 
are involved [124]. Thyroid hormone (TH) cooperates with other 
signals close by to promote mesenchyme clearance. Signals 
suggested that could play a role in this mesenchyme retention 
include Treacle nuclear protein. In Tcof1+/− mice carrying 
mutation of this protein exhibit Treacher-Collins syndrome, a 
craniofacial disorder with middle ear abnormalities Eya4 could 
also play a role. in Eya4+/− mice are associated with human 
deafness DFNA10  [74, 125]. 

The mesenchyme in the middle ear could also be an origin of 
bone factors that control growth of the ossicles. These could 
include bone morphogenetic protein and growth differentiation 
factor genes as expression of these has been in the mesenchyme.

ME mesenchyme is also composed of factors that control ossicle 
growth. In the mouse embryo, expression of bone morphogenetic 
protein and growth differentiation factor genes have been found 
in mesenchyme [126, 127]. Uncleared mesenchyme in Thra+/PV 
mice, could have aberrant signalling that will dysregulate ossicle 
development. Mesenchyme could also play a role in modifying 
the auditory bulla, the bony covering around the ME cavity [74].

Thyroid Hormone and Ossicular Development
The ossicles in Thra+/PV mice, display a calcification delay and 
are bigger. This increased size can be explained by the delay 
that makes a longer window for chondrocyte proliferation in 
the immature ossicles. Ossicle development and long bone 
development in these mice are not coupled and further studies are 
required to  understand what signalling factors lie downstream 
from the thyroid receptor and to what extent they control other 
signalling factors involved in other bone development such as 
fibroblast growth factors [128-130].

Craniofacial development disruption is known to produce 
ossicular abnormalities [5]. Pregnant rats treated with retinoids 
at gestational day 9 exhibit ossicle hypoplasia [131]. Residual 
mesenchyme and ossicle disruption was also found in Snell dwarf 
mice [79]. Pax8−/− mice also show occasional malformation of 
the stapes with missing crurae [71].

Implications for Middle Ear Disease
THRB mutations which give resistance to thyroid hormone and 
in which 20 % of patients show some form of hearing loss, mostly 
conductive is linked to ME defects [132]. This could link the 
ME disfunction and susceptibility to infections which have been 

noted in thyroid disorders  [133]. Further studies are needed to 
look at the causes and links of conductive hearing loss and otitis 
media that have been mentioned in congenital hypothyroidism.

The middle and inner ear may be targets linked to changes 
in serum levels of thyroid hormone as determined by in-situ 
studies [84]. Hypothyroidism and hyperthyroidism may lead to 
conductive hearing impairment resulting from eustachian tube 
or linked edema [134]. 

The ability of thyroxine treatment to improve hearing ability 
in hypothyroidism remains unclear because the interactions are 
complex between hormones and their signalling molecules in 
the middle ear [135-143].

References 
1.	 Tsimpida D, Kontopantelis E, Ashcroft DM, Panagioti M. 

Regional patterns and trends of hearing loss in England: 
evidence from the English longitudinal study of ageing 
(ELSA) and implications for health policy. BMC Geriatr. 
2020. 20: 536. 

2.	 Mallo M. Embryological and genetic aspects of middle ear 
development. Int J Dev Biol. 1998. 42: 11-22 

3.	 Sohmer H, Freeman S. Functional development of auditory 
sensitivity in the fetus and neonate. J Basic Clin Physiol 
Pharmacol. 1995. 6: 95-108 

4.	 Zimmer WM, Rosin DF, Saunders JC. Middle-ear 
development. VI: structural maturation of the rat conducting 
apparatus. Anat Rec. 1994. 239: 475-484 

5.	 Chapman SC. Can you hear me now? Understanding 
vertebrate middle ear development. Front Biosci. 2011. 16: 
1675-1692. 

6.	 Clements L, Guggenheim P, Schlesinger A. The significance 
and fate of the mesenchyme of the middle ear. Laryngoscope. 
1956. 66: 1303-1326 

7.	 Huangfu M, Saunders JC. Auditory development in the 
mouse: structural maturation of the middle ear. J Morphol. 
1983. 176: 249-259 

8.	 Takahara T, Sando I, Hashida Y, Shibahara Y. Mesenchyme 
staying in human temporal bones. Otolaryngol Head Neck 
Surg. 1986.  95: 349-357 

9.	 Park K, Lim DJ. Luminal development of the Eustachian 
tube and middle ear: murine model. Yonsei Med J. 1992.  
33: 159-167

10.	 Schilder AGM, Chonmaitree T, Cripps AW, Rosenfeld RM, 
Casselbrant ML, et al. Otitis media. Nat Rev Dis Primer. 
2016. 2: 16063. 

11.	 Absalan A, Pirasteh I, Dashti Khavidaki GA, Asemi rad A, 
Nasr Esfahani AA, et al. A prevalence study of hearing loss 
among primary school children in the southeast of Iran. Int 
J Otolaryngol. 2013. 

12.	 Collins A, Beswick R, Driscoll C, Kei J. Conductive hearing 
loss within universal newborn hearing screening programs: 
a systematic review. J Hear Sci. 2019. 9: 24-36. 

13.	 Bu X, Liu C, Xing G, Zhou L, Liang C, et al. WHO ear and 
hearing disorders survey in four provinces in China. Audiol 
Med. 2011. 9: 141-146. 

14.	 Kim AS, Betz JF, Reed NS, Ward BK, Nieman CL. 
Prevalence of tympanic membrane perforations among 
adolescents, adults, and older adults in the United States. 



Copyright © Susan Amin.  Volume 3 | Issue 3

www.oaskpublishers.comJ Metab Diabet Res, 2026 Page: 6 of 9

Otolaryngology Neck Surg. 2022. 167: 356-358. 
15.	 Phanguphangu MC. Otoscopic examinations reveal high 

prevalence of outer and middle ear pathologies in paediatrics 
in Limpopo, South Africa. Int J Audiol. 2017. 56: 215-218. 

16.	 Riedner ED, Leven LS, Holliday MJ. Hearing patterns in 
dominant osteogenesis imperfecta. Arch Otolaryngology. 
106: 737-740. 

17.	 Pillion JP, Shapiro J. Audiological findings in osteogenesis 
imperfecta. J Am Acad Audiol. 2008. 19: 595-601.

18.	 Bergstrom L. Osteogenesis imperfecta:  otologic and 
maxilla facial aspects. Laryngoscope. 1977. 87: 1-42. 

19.	 Cox JR, Simmons CL. Osteogenesis imperfecta and 
associated hearing loss in five kindreds. South Med J. 75: 
1222-1226.

20.	 Pedersen U. Hearing loss in patients with osteogenesis 
imperfecta. Scand Audiol. 1984. 13: 67-74.

21.	 Swinnen FKR, De Leenheer EMR, Cremers CWRJ, Dhooge 
IJM. Association between bone mineral density and hearing 
loss in osteogenesis imperfecta. Laryngoscope. 2013. 122: 
401-408.

22.	 Zajtchuk T, Lindsay JR.) “Osteogenesis imperfecta 
congenita and tarda: a temporal bone report,” Annals of 
Otology, Rhinology and Laryngology. 84: 350-358.

23.	 Valdezate LAV, Martın Gil, JJose-Yacam M, Gil FJM, 
LM Gil-Carcedo, et al. Otosclerosis and van der Hoeven’s 
syndrome: a contribution,” Acta Otorrinolaringologica 
Espanola. 2001. 52: 85-93.

24.	 Barbuda A, Rahmadika N, Tjahjadi AI, Ruslami R. Type 
2 Diabetes and its Impact on the Immune System. Curr. 
Diabetes Rev. 2020. 16: 442-449. 

25.	 Foster MF, Backous DD. Clinical evaluation of the patient 
with otosclerosis. Otolaryngology Clin N Am. 2018. 51: 
319-326.

26.	 Kumari MS, Meganadh KR. Prevalence of Ontological 
Disorders in Diabetic Cases with Hearing Loss. J. Diabetes 
Metab. 7: 666. 

27.	 Lien KH, Yang CH. Sex differences in the triad of bought 
sensorineural hearing loss. Int J Mol Sci. 2021. 22: 8111. 

28.	 Schmidt M, Naumann H, Weidler C, Schellenberg M, 
Anders S, et al. Inflammation and sex hormone metabolism. 
Ann N Y Acad Sci. 2006. 1069: 236-246. 

29.	 Sakihara Y, Parving A. Clinical otosclerosis, prevalence 
estimates and spontaneous progress. Acta Otolaryngol. 
1999. 119: 468-472. 

30.	 Crompton M, Cadge BA, Ziff JL, Mowat AJ, Nash R, et al. 
The epidemiology of otosclerosis in a British cohort. Otol 
Neurotol. 2019. 40: 22-30. 

31.	 Leblanc DR, Schneider M, Angele P, Vollmer G, Docheva D. 
The effect of estrogen on tendon and ligament metabolism 
and function. J Steroid Biochem Mol Biol. 2017. 172: 106-
116. 

32.	 Hansen M. Female hormones: do they influence muscle and 
tendon protein metabolism? Proc Nutr Soc. 2018.  77: 32-
41. 

33.	 Scarpa A, Ralli M, Cassandro C, Gioacchini FM, Greco A, 
et al. Inner-ear disorders presenting with air-bone gaps: a 
review. J Int Adv Otol. 2020. 16: 111-116.  

34.	 Chen SI, Lee MH, Yao CM, Chen PR, Chou YF, et al.) 
Modelling sound transmission of human middle ear and 
its clinical applications using finite element analysis. 

Kaohsiung J Med Sci. 2013. 29: 133-139. 
35.	 Ramier A, Cheng JT, Ravicz ME, Rosowski JJ, Yun SH. 

Mapping the phase and amplitude of ossicular chain motion 
using sound-synchronous optical coherence vibrography. 
Biomed Opt Express. 2018. 9: 5489-5502. 

36.	 Giampietro Ricci, Valeria Gambacorta, Ruggero Lapenna, 
Antonio Della Volpe, Ignazio La Mantia, et al. The effect of 
female hormone in otosclerosis. A comparative study and 
speculation about their effect on the ossicular chain based 
on the clinical results. Eur Arch Otorhinolaryngology. 2022. 
279: 4831-4838. 

37.	 Svedbrant J., Bark R., Hultcrantz M., Hederstierna C. 
Hearing decline in menopausal women–a 10-year follow-
up. Acta Otolaryngol. 2015. 135: 807-8 13. 

38.	 Pugh KC, Burke HW, Brown HM. Tympanometry Measures 
in Native and Non-Native Hawaiian Children. International 
Journal of Pediatric Otorhinolaryngology. 2004. 68: 753-
758. 

39.	 Virtaniemi J, Laakso M, Nuutinen J, Karjalainen S, 
Vartiainen E. Tympanometry in Patients with Insulin-
Dependent Diabetes Mellitus. Scandinavian Audiology. 
1993. 22: 217-222. 

40.	 Pron G, Galloway C, Armstrong D, Posnick J. Ear 
Malformation and Hearing Loss in Patients with Treacher 
Collins Syndrome. The Cleft Palate-Craniofacial Journal. 
1993. 30: 97-103. 

41.	 Austin DF, Konrad-Martin D, Griest S, McMillan GP, 
McDermott D, Fausti S. Diabetes-Related Changes in 
Hearing. The Laryngoscope. 2009. 119: 1788-1796. 

42.	 Amin S, Alaradi A, Alekri A, Alaysreen A, Khayam A, et al. 
Tympanometry Comparison of Diabetic Type I and Diabetic 
Type II Rats. Journal of Diabetes Mellitus. 2023. 13: 58-67

43.	 Ryding M, Konradsson K, Kalm O, Prellner K. Auditory 
Consequences of Recurrent Acute Purulent Otitis Media. 
Annals of Otology, Rhinology & Laryngology. 111: 261-
266. 

44.	 Aladag I, Eyibilen A, Güven M, Atış O. Role of Oxidative 
Stress in Hearing Impairment in Patients with Type Two 
Diabetes Mellitus. The Journal of Laryngology and Otology. 
2009. 123: 957-963. 

45.	 Urdang ZD, Amiti J, Marwin L, Thomas LH, Thomas OW, 
et al.  Conductive Hearing Loss Associates with Dementia, 
and Middle Ear Reconstruction Mitigates This Association: 
A Multinational Database Study. Otology & Neurotology. 
2024. 45: 1078-1086. 

46.	 Deming Jiang, Jiahui Hou, Haitian Nan, Ailing Yue, Min 
Chu. et al. Relationship between hearing impairment and 
dementia and cognitive function: a Mendelian randomization 
study. Alz Res Therapy. 2024. 16: 215 

47.	 Kim JS, Lee HJ, Lee S, Lee HS, Jeong YJ, et al. Conductive 
hearing loss aggravates memory decline in Alzheimer 
Model mice. Front Neurosci. 2020. 14: 843.

48.	 Kurioka T, Mogi S, Yamashita T. Decreasing auditory input 
induces neurogenesis impairment in the hippocampus. Sci 
Rep. 2021. 11: 423.

49.	 Shen Y, Hu H, Fan C, Wang Q, Zou T, et al. Sensorineural 
hearing loss may lead to dementia-related pathological 
changes in hippocampal neurons. Neurobiology Dis. 2021. 
156: 105408.

50.	 Jiang J, Johnson JCS, Requena-Komuro MC, Benhamou E, 



Copyright © Susan Amin.  Volume 3 | Issue 3

www.oaskpublishers.comJ Metab Diabet Res, 2026 Page: 7 of 9

Sivasathiaseelan H, et al. Comprehension of acoustically 
degraded speech in Alzheimer’s disease and primary 
progressive aphasia. Brain. 2023. 146: 4065-4076.

51.	 Hardy CJD, Frost C, Sivasathiaseelan H, Johnson JCS, 
Agustus JL, et al. Findings of impaired hearing in patients 
with Nonfluent/Agrammatic variant Primary Progressive 
Aphasia. JAMA Neurol. 2019. 76: 607-611.

52.	 Wayne RV, Johnsrude IS.  A review of causal mechanisms 
underlying the link between age-related hearing loss and 
cognitive decline. Age ResReview. 2015. 23: 154-166.

53.	 Choi JY, Lee S, Lee W. The Impact of Hearing Loss on 
Clinical Dementia and Preclinical Cognitive Impairment in 
Later Life. Journal of Alzheimer’s Disease. 2021. 81: 963-
972. 

54.	 Tedeschi AS, Roizen NJ, Taylor HG, Murray G, Curtis CA, 
et al. The prevalence of congenital hearing loss in neonates 
with Down syndrome. J Pediatr. 2015. 166: 168-171.

55.	 Roizen NJ, Patterson D. Down’s syndrome. Lancet. 2003. 
361: 1281-1289. 

56.	 Patterson D. Molecular genetic analysis of Down syndrome. 
Hum Genet. 2009.126: 195-214.

57.	 Ogando PB, Röösli C, Karmody CS, Northrop CC. The 
incudostapedial articulation in Down’s syndrome (trisomy 
21): a temporal bone study. Otol Neurotol. 2013. 34: 1489-
1495

58.	 Fausch C, Röösli C. The Incudomalleolar Articulation in 
Down Syndrome (Trisomy 21): A Temporal Bone Study. 
Otology & Neurotology. 2015. 36: 348-353, 

59.	 Shapiro JR, Pikus A, Weiss G, Rowe DW. Hearing and 
middle ear function in osteogenesis imperfecta. JAMA. 
1982.  247: 2120-2126.

60.	 Yamaguchi N, Sando I, Hashida Y, Takahashi H, Matsune 
S. Histologic study of eustachian tube cartilage with and 
without congenital anomalies: a preliminary study. Ann 
Otol Rhinol Laryngol. 1990. 99: 984-987.

61.	 Shott SR. Down syndrome: common otolaryngologic 
manifestations. Am J Med Genet C Semin Med Genet. 
2006. 142c: 131-140. 

62.	 McFadden D, Hsieh MD, Garcia-Sierra A, Champlin CA. 
Differences by sex, ear, and sexual orientation in the time 
intervals between successive peaks in auditory evoked 
potentials. Hear Res. 2010. 270: 56-64. 

63.	 Bonnard A, Bark R, Hederstierna C. Clinical update on 
sensorineural hearing loss in Turner syndrome and the 
X-chromosome. Am J Med Genet C Semin Med Genet. 
2019. 181: 18-24. 

64.	 King KA, Makishima T, Zalewski CK, Bakalov VK, Griffith 
AJ. et al. Analysis of auditory phenotype and karyotype 
in two hundred females with Turner syndrome. Ear Hear. 
2007. 28: 831-41. 

65.	 Lim D, Hassani S, Lupton K, Gault EJ, Wynne D, et al. 
Prevalence, risk factors, and management strategies for 
ontological problems in girls with Turner syndrome. Acta 
Paediatr. 2020. 109: 2075-2083. 

66.	 Curhan SG, Stankovic K, Halpin C, Wang M, Eavey RD,  et 
al. Osteoporosis, bisphosphonate use, and risk of moderate 
or worse hearing loss in women. J Am Geriatr Soc. 2021. 
69: 3103-3113. 

67.	 Yoo JI, Park KS, Seo SH, Park HW. Osteoporosis and hearing 
loss: findings from the Korea National Health and Nutrition 

Examination Survey 2009-2011. Braz J Otorhinolaryngol. 
2020. 86: 332-338. 

68.	 Juneja MK, Munjal S, Sharma A, Gupta AK, Bhadada S. 
Audiovestibular functioning of post-menopausal females 
with osteoporosis and osteopenia. J Otol. 2021. 16: 27-33. 

69.	 Kim SY, Kong IG, Lim H, Choi HG. Increased risk of sudden 
sensory neural hearing loss in osteoporosis: a longitudinal 
follow-up study. J Clin Endocrinol Metab. 2018. 103: 3103-
09. 

70.	 Yueniwati Y. The significant correlation between the density 
of the cochlea otic capsule and spine in hearing loss patients. 
Indian J Otolaryngology Head Neck Surg. 2019. 71: 1163-
1168. 

71.	 Christ S, Biebel UW, Hoidis S, Friedrichsen S, Bauer K, et 
al. Hearing loss in athyroid pax8 knockout mice and effects 
of thyroxine substitution. Audiol Neurootol. 2004.  9: 88-
106.

72.	 Knipper M, Zinn C, Maier H, Praetorius M, Rohbock 
K, et al. Thyroid hormone deficiency before the onset of 
hearing causes irreversible damage to peripheral and central 
auditory systems. J Neurophysiology. 2000. 83: 3101-3112.

73.	 Li S, Crenshaw EB 3rd, Rawson EJ, Simmons DM, Swanson 
LW, et al. Dwarf locus mutants lacking three pituitary cell 
types result from mutations in the POU-domain gene Pit-1. 
Nature. 347: 528-533

74.	 Richter CA, Amin S, Linden J, Dixon J, Dixon MJ, et al. 
Defects in middle ear cavitation cause conductive hearing 
loss in the Tcof1 mutant mouse. Hum Mol Genet. 2010. 19: 
1551-1560. 

75.	 Sprenkle PM, McGee J, Bertoni JM, Walsh EJ. Consequences 
of hypothyroidism on auditory system function in Tshr 
mutant (hyt) mice. J Assoc Res Otolaryngology. 2001. 2: 
312-329.

76.	 Uziel A. Periods of sensitivity to thyroid hormone during 
the development of the organ of Corti. Acta Otolaryngol 
Suppl. 1986. 429: 23-27.

77.	 Uziel A, Legrand C, Ohresser M, Marot M. Maturational 
and degenerative processes in the organ of Corti after 
neonatal hypothyroidism. Hear Res. 1983. 11: 203-218.

78.	 Karolyi IJ, Dootz GA, Halsey K, Beyer L, Probst FJ, et al. 
Dietary thyroid hormone replacement improves hearing 
deficits in hypothyroid mice. Mamm Genome. 2007. 18: 
596-608.

79.	 Marovitz WF, Berryhill BH, Rowley TR. Effects of early 
hypophysectomy on the development of the ossicular chain 
of rats. Laryngoscope. 1968. 78: 309-315. 

80.	 Fang Q, Giordimaina AM, Dolan DF, Camper SA, Mustapha 
M. Genetic background of Prop1(df) mutants provides 
remarkable protection against hypothyroidism-induced 
hearing impairment. J Assoc Res Otolaryngol. 13: 173-184. 

81.	 Marovitz WF, Berryhill BH, Peterson RR. Disruptions 
of bony labyrinth, ossicular chain and tympanic bullae in 
dwarf mice. Laryngoscope. 1968. 78: 863-872.

82.	 Vanderschueren-Lodeweyckx M, Debruyne F, Dooms L, 
Eggermont E, Eeckels R. Sensorineural hearing loss in 
sporadic congenital hypothyroidism. Arch Dis Child. 1983. 
58: 419-422. 

83.	 Mortensen AH, Fang Q, Fleming MT, Jones TJ, Daly 
AZ, et al. Genetic variation in thyroid folliculogenesis 
influences susceptibility to hypothyroidism-induced hearing 



Copyright © Susan Amin.  Volume 3 | Issue 3

www.oaskpublishers.comJ Metab Diabet Res, 2026 Page: 8 of 9

impairment. Mammalian genome: official journal of the 
International Mammalian Genome Society. 2019. 30: 5-22. 

84.	 Cordas EA, Ng L, Hernandez A, Kaneshige M, Cheng SY, 
et al. Thyroid hormone receptors control developmental 
maturation of the middle ear and the size of the ossicular 
bones. Endocrinology. 2012. 153: 1548-1560

85.	 Meyerhoff WL. Hypothyroidism and the ear: 
electrophysiological, morphological, and chemical 
considerations. Laryngoscope. 1979. 19: 1-25.

86.	 Muus J, Weir FW, Kreicher KL, Bowlby DA, Discolo CM, et 
al. Hearing loss in children with growth hormone deficiency, 
International Journal of Paediatric Otorhinolaryngology. 
2017. 100: 107-113.

87.	 Welch D, Dawes PJD. Childhood hearing is associated 
with growth rates in infancy and adolescence, Paediatric 
Research. 2007. 62 495-498. 

88.	 Woods KA, Camacho-Hübner C, Savage MO, Clark AJL. 
Intrauterine growth retardation and postnatal growth failure 
associated with deletion of the insulin-like growth factor I 
gene, New England Journal of Medicine. 1996. 335: 1363-
1367. 

89.	 Bonapace G, Concolino D, Formicola S, Strisciuglio P. A 
novel mutation in a patient with insulin-like growth factor 
1 (IGF1) deficiency, Journal of Medical Genetics. 2003. 40: 
913-917, 

90.	 Walenkamp MJE, Karperien M, Pereira AM, Hilhorst-
Hofstee Y, Van Doorn J, et al. Homozygous and heterozygous 
expression of a novel insulin-like growth factor-I mutation, 
Journal of Clinical Endocrinology and Metabolism. 2005. 
90: 2855-2864.

91.	 Varela-Nieto I, Murillo-Cuesta S, Rodríguez-de la Rosa 
L, Lassatetta L, Contreras J. IGF-I deficiency and hearing 
loss: molecular clues and clinical implications. Paediatric 
endocrinology reviews: PER. 2013. 10: 460-472.

92.	 Barrenäs M.-L, Bratthall Å, Dahlgren J. The association 
between short stature and sensorineural hearing loss. 
Hearing Research. 2005. 205: 123- 30. 

93.	 Pedersen U, Elbrønd O. Stapedectomy in osteogenesis 
imperfecta. ORL J Otorhinolaryngol Relat Spec. 1983. 45: 
330-337

94.	 Garretsen AJ, Cremers CW, Huygen PL. Hearing loss 
(in non-operated ears) in relation to age in osteogenesis 
imperfecta type I. Ann Otol Rhinol Laryngol. 1997. 106: 
575-582.

95.	 da Costa Otavio AC, Teixeira AR, Félix TM, Rosito LPS, 
da Costa SS. Osteogenesis imperfecta and hearing loss: 
an analysis of patients attended at a benchmark treatment 
center in southern Brazil. European archives of too-rhino-
laryngology: official journal of the European Federation of 
Oto-Rhino-Laryngological Societies (EUFOS): affiliated 
with the German Society for Oto-Rhino-Laryngology - 
Head and Neck Surgery. 2020. 277: 1005-1012. 

96.	 Stewart EJ, O’Reilly BF. A clinical and audiological 
investigation of osteogenesis imperfecta. Clin Otolaryngol. 
1989. 14: 509-514.

97.	 Shapiro JR., Pikus A., Weiss G, Rowe DW. Hearing and 
middle ear function in osteogenesis imperfecta. JAMA. 
1982. 247: 2120-2126.

98.	 Xiao E, Mattos M, Vieira GHA, Chen S, Corrêa JD, et 
al. Diabetes enhances IL-17 expression and alters the 
oral microbiome to increase its pathogenicity. Cell Host 

Microbe. 2017. 22: 120-128. 
99.	 De Melker RA. Evaluation of the diagnostic value of 

pneumatic otoscopy in primary care using the results of 
tympanometry as a reference standard. PubMed. 1993. 43: 
22-24. 

100.	Shimura T, Yilmaz NK, Rajan D, Cureoglu S, Monsanto 
RDC. Middle ear ossicular joint changes in Type 2 diabetes 
mellitus: A histopathological study. Laryngoscope. 2024. 
134: 2871-2878. 

101.	oychowdhury P, Castillo-Bustamante M, Polanik M, 
Kozin ED, Remenschneider AK. Histopathology of 
the Incudomalleolar joint in cases of “indeterminate” 
Presbycusis. Otolaryngology Head Neck Surg. 2021. 165: 
701-704

102.	Etholm B, Belal A. Senile changes in the middle ear joints. 
Ann Otol RhinolLaryngol. 1974. 83: 49-54. 

103.	Rosa SC, Gonçalves J, Judas F, Mobasheri A, Lopes C, et al. 
Impaired glucose transporter-1 degradation and increased 
glucose trans-port and oxidative stress in response to high 
glucose in chondrocytes from osteoarthritis versus normal 
human cartilage. Arthritis Res Ther. 2009. 11:  R80.

104.	Courties A, Sellam J. Osteoarthritis and type 2 diabetes 
mellitus: what are the links? Diabetes Res Clin Pract. 2016. 
122: 198-206.

105.	Wang H, Zhu Z, Wu J, Wang H, Gao L, et al. Effect of 
type II diabetes-induced osteoarthritis on articular cartilage 
aging in rats: a study in vivoand in vitro. Exp Gerontol. 
2021. 150: 111354.

106.	Henrotin YE, Bruckner P, Pujol JP. The role of reactive 
oxygen species inhomeostasis and degradation of cartilage. 
Osteoarthr Cartil. 2003. 11: 747-755.

107.	Manoharan SM, Gray R, Hamilton J, Mason MJ. Internal 
vascular channel architecture in human auditory ossicles. J 
Anat. 2022. 241: 245-258.

108.	Thomson RS, Auduong P, Miller AT, Gurgel RK. Hearing 
loss as a risk factor for dementia: A systematic review. 
Laryngoscope investigative otolaryngology. 2017. 2: 69-79. 

109.	Ivy Yan Zhao, Laurence Lloyd Parial, Jed Montayre, Justin 
S Golub, Janet Ho-Yee Ng, et al. social engagement and 
depressive symptoms mediate the relationship between 
age-related hearing loss and cognitive status. Int J Geriatr 
Psychiatry. 2023. 38: e5982. 

110.	Pradilla I, Sarmiento-Buitrago A, Carvajalino-Monje I, 
Velez-van-Meerbeke A, Talero-Gutiérrez C. Prevalence of 
hearing loss in a population of schoolchildren with down 
syndrome from Bogotá, Colombia. Arch. Argent. Pediatr. 
2020. 118: e1–e7.

111.	McPherson B, Lai SP, Leung KK, N IH. Hearing loss in 
Chinese school children with Down syndrome. International 
journal of pediatric otorhinolaryngology. 2007. 71: 1905-
1915. 

112.	Yahia S, Metawea M, Megahed A, ELshawaf W, Wahba Y, 
et al. The prevalence of hearing impairment in infants and 
children with down syndrome a cross-sectional study in a 
Tertiary Care Center. Sci Rep. 2025. 15: 7570. 

113.	Hamberis AO, Mehta CH, Dornhoffer JR, Meyer TA. 
Characteristics and progression of hearing loss in children 
with Turner’s syndrome. Laryngoscope. 2020. 130: 1540-
1546.

114.	Tomoko Makishima, Kelly King, Carmen C Brewer, 
Christopher K Zalewski, John Butman, et al. Otolaryngologic 



Copyright © Susan Amin.  Volume 3 | Issue 3

www.oaskpublishers.comJ Metab Diabet Res, 2026 Page: 9 of 9

Copyright: © 2026 Susan Amin. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which 
permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

markers for the early diagnosis of Turner syndrome. Int J 
Pediatr Otorhinolaryngol. 2009. 73: 1564-1567. 

115.	Davenport ML, Roush J, Liu C, Zagar AJ, Eugster E, et al. 
Growth hormone treatment does not affect incidences of 
middle ear disease or hearing loss in infants and toddlers 
with Turner syndrome. Horm Res Paediatr. 2010. 74: 23-32. 

116.	Ross JL, Scott C, Marttila P, Kowal K, Nass A, et al. 
Phenotypes associated with SHOX deficiency. J Clin 
Endocrinol Metab. 2001. 86: 5674-5680. 

117.	León Y , Vazquez E, Sanz C, Vega JA, Mato JM, et al. 
Insulin-like growth factor-I regulates cell proliferation 
in the developing inner ear, activating glycosyl-
phosphatidylinositol hydrolysis and Fo’s expression. 
Endocrinology. 1995. 136: 3494-3503.

118.	Trolle C. Nielsen MM. Skakkebæk A. Lamy P. Vang S, et 
al. Widespread DNA hypomethylation and differential gene 
expression in Turner syndrome. Sci Rep. 2016. 6: 34220.

119.	Umesawa M, Kobashi G, Kitoh R, Nishio SY, Ogawa K, 
et al. Relationships among drinking and smoking habits, 
history of diseases, body mass index, and idiopathic sudden 
sensorineural hearing loss in Japanese patients. Acta Oto-
Laryngologica. 2017. 137: S17-S23.

120.	Teixeira LS, Silva IBDO, Sampaio ALL, De Oliveira CAP, 
Júnior FB. Hearing Loss in Acromegaly—A Review. Int. 
Arch. Otorhinolaryngol. 1990. 22: 313-316. 

121.	Ostberg JE, Beckman A, Cadge B, Conway GS. Oestrogen 
Deficiency and Growth Hormone Treatment in Childhood 
Are Not Associated with Hearing in Adults with Turner 
Syndrome. Horm. Res. Paediatr. 2004. 62: 182-186. 

122.	Quigley C, Crowe B,  Anglin D, Chipman J. Growth 
hormone and low dose estrogen in Turner syndrome: Results 
of a United States multi-center trial to near-final height. J. 
Clin. Endocrinol. Metab. 2002. 87: 2033-2041. 

123.	Mallo M. Formation of the outer and middle ear, molecular 
mechanisms. Current Topics in Developmental Biology. 
2003. 57: 85-113 

124.	Palva T, Paakko P, Ramsay H, Chrobok V, Simakova E. 
Apoptosis and regression of embryonic mesenchyme in the 
development of the middle ear spaces. Acta Otolaryngol 
(Stockh). 2003. 123: 209-214. 

125.	Depreux FF, Darrow K, Conner DA, Eavey RD, Liberman 
MC, et al. Eya4-deficient mice are a model for heritable 
otitis media. J Clin Invest. 2008. 118: 651-658 

126.	Hwang CH, Wu DK. Noggin heterozygous mice: an animal 
model for congenital conductive hearing loss in humans. 
Hum Mol Genet. 2008. 17: 844-853 

127.	Zhang Z, Zhang X, Avniel WA, Song Y, Jones SM, et al. 
Malleal processus brevis is dispensable for normal hearing 
in mice. Dev Dyn. 2003. 227: 69-77 

128.	Marians RC, Ng L, Blair HC, Unger P, Graves PN, et al. 
Defining thyrotropin-dependent and -independent steps of 
thyroid hormone synthesis by using thyrotropin receptor-
null mice. Proc Natl Acad Sci USA. 2002. 99: 15776-15781. 

129.	Göthe S, Wang Z, Ng L, Kindblom JM, Barros AC, et al. 
Mice devoid of all known thyroid hormone receptors are 
workable but show disorders of the pituitary-thyroid axis, 

growth, and bone maturation. Genes Dev. 1999. 13: 1329-
1341 

130.	Bassett JH, O’Shea PJ, Sriskantharajah S, Rabier B, Boyde 
A, et al. Thyroid hormone excess rather than thyrotropin 
deficiency induces osteoporosis in hyperthyroidism. Mol 
Endocrinol. 2007. 21: 1095-1107. 

131.	Granström G. Retinoid-induced ear malformations. 
Otolaryngology Head Neck Surg. 1990. 103: 702-709.

132.	Rovet J, Walker W, Bliss B, Buchanan L, Ehrlich R. 
Long-term sequelae of hearing impairment in congenital 
hypothyroidism. J Pediatr. 1996. 128: 776-783 

133.	Frank-Raue K, Lorenz A, Haag C, Höppner W, Boll HU, et 
al. Severe form of thyroid hormone resistance in a patient 
with homozygous/hemizygous mutation of T3 receptor 
gene. Eur J Endocrinol. 2004. 150: 819-823. 

134.	Thornton A, Jarvis S. Auditory brainstem response 
findings in hypothyroid and hyperthyroid disease. Clin. 
Neurophysiology. 2008. 119: 786-790. 

135.	Di Lorenzo L, Foggia L, Panza N, Calabrese MR, Motta G, 
et al. Auditory Brainstem Responses in Thyroid Diseases 
before and after Therapy. Horm. Res. 1995. 43: 200-205. 

136.	Berger M, Hawke A, Johnson, Proops D. Histopathology of 
the temporal bone in osteogenesis imperfecta congenita: a 
report of 5 cases,” Laryngoscope. 1995. 95: 193-199. 

137.	Gabure LA., Cruz OLM. Diagnóstico por imagem do osso 
temporal. In: Cruz OLM, Costa SS (eds) Otologia: clinica e 
cirúrgica. Revinter, São Paulo.

138.	Kreicher KL., Weir FW., Nguyen SA., & Meyer T A. 
(2018). Characteristics and Progression of Hearing Loss in 
Children with Down Syndrome. The Journal of paediatrics. 
2000. 193: 27-33. 

139.	Kui L, Dong C, Wu J, Zhuo F, Yan B, et al. Causal association 
between type 2 diabetes mellitus and acute suppurative 
otitis media: Insights from a univariate and multivariate 
Mendelian randomization study. Front. Endocrinol. 2024. 
15: 1407503. 

140.	Madsen K, Friberg U, Ros P, Edén S, Isaksson O. 
Growth hormone stimulates the proliferation of cultured 
chondrocytes from rabbit ear and rat rib growth cartilage. 
Nature. 1983. 304: 545-547. 

141.	Piza J, Northrop C, Eavey RD. Embryonic middle ear 
mesenchyme disappears by redistribution. Laryngoscope. 
1998. 108: 1378-1381  

142.	Shibahara Y, Sando I. Congenital anomalies of the 
eustachian tube in Down syndrome. Histopathologic case 
report. Ann Otol Rhino Laryngol. 1989. 98: 543-547.

143.	Swinnen FKR, De Leenheer EMR, Coucke PJ, Cremers 
CWRJ, Dhooge IJM. Audiometric, surgical, and genetic 
findings in 15 ears of patients with osteogenesis imperfect. 
Laryngoscope. 2009. 119: 1171-1179.


