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Background: Hearing loss (HL) is one of the main medical complications for
Turner Syndrome (TS) patients, with an earlier presentation and higher incidence
than normal women. However, the etiology of HL in TS is unclear. The aim of
this study was to investigate the hearing status of TS patients in China and the
influencing factors, so as to provide a theoretical basis for early intervention
treatment for TS patients with HL.

Methods: In total 46 female patients aged 14-32 diagnosed with TS
received tympanic membrane and audiological examinations, including pure tone
audiometry and tympanometry. In addition, the effects of karyotype, sex hormone
levels, thyroid function, insulin, blood lipids, bone mineral density, age and other
factors on hearing levels were analyzed, and the possible risk factors associated
with HL in TS patients were explored.

Results: In 9 patients (19.6%) had HL, including 1 (2.2%) with mild conductive
hearing loss, 5 (10.9%) with mild sensorineural hearing loss, 3 (6.5%) with moderate
sensorineural hearing loss. TS is often associated with age-related mid-frequency
and high-frequency HL, and the incidence of HL increases with age. Compared
with other karyotypes, patients with 45, X haplotype have an increased risk of
mid-frequency HL.

Conclusions: Therefore, karyotype may be a predictor of hearing problems in TS.
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1. Introduction

Turner Syndrome (TS) is one of the most common human chromosomal abnormalities
and is a major cause of short stature and ovarian insufficiency in women, which is caused
by partial or complete loss of the X chromosome. The most common karyotype of TS is 45,
X, accounting for about 30 to 40% of all karyotypes, followed by mosaic patterns (45, X/46,
XX), accounting for about 20-30%, and the rest are X chromosome abnormalities (1, 2).
The incidence of TS in live born girls is about 1/2,000-1/2,500, and the incidence may vary
in different countries and regions (3). In recent years, with the wide application of prenatal
diagnosis technology, the age of diagnosis of TS has been advanced, but most TS patients
are usually diagnosed in childhood or adolescence due to short stature or primary gonadal
dysplasia, and the average age of diagnosis is 15 years old (3).

In addition to gonadal dysgenesis and short stature, with the increase of age, TS is often
accompanied by a variety of complications, such as cardiovascular disease, autoimmune
disease, metabolic disease, osteoporosis, and neurocognitive deficits (4). Hearing loss (HL)
is one of the main medical problems for girls and women with TS and has a negative impact
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on the health and quality of life for these patients. A previous
study demonstrated that only 48% of Swedish women aged 25
to 38 with TS had normal hearing, while 45% had mild HL
and 7% had moderate or severe HL (5). On average, the hearing
threshold of TS women is equivalent to the hearing threshold
of women in the general population 20 years older than their
actual age (5). The specific etiology of HL caused by TS has
not been extensively studied, it may be the influence of estrogen,
chromosome and gene abnormalities, or their combination (6, 7).
Due to ovarian hypoplasia, TS patients have little or no endogenous
estrogen production, and estrogen has a certain protective effect
on hearing (8, 9). In addition, some genes on the short arm of the
X chromosome may have a regulatory effect on hearing function,
and their deletion may cause abnormal craniofacial development
and auricle abnormalities, which may be related to the prolonged
cell cycle caused by chromosomal abnormalities (7, 10). Some
patients with TS may have abnormalities of the Eustachian tube
and the skull base, repeated occurrence of otitis media, middle ear
effusion, and cholesteatoma can lead to middle ear destruction and
progressive HL (7, 11).

TS patients often also have endocrine abnormalities, metabolic
disease and abnormal bone metabolism. Studies have shown
that low bone mineral density (BMD), thyroid dysfunction and
metabolic syndrome are risk factors for HL (12-17), and timely
supplementation of thyroid hormone or lowering of blood lipids
can improve hearing. However, it is not known if this association
also exists in women with TS.

At present, the treatment of TS is mainly growth-promoting
therapy, inducing and maintaining the development of secondary
sexual characteristics, preventing and curing osteoporosis. Less
attention has been paid to the ear health of TS patients,
which delays optimal treatment time. Early diagnosis and proper
management of associated hearing abnormalities are important to
minimize the adverse effects on learning and social functions and
improve quality of life. Here, we analyzed the incidence, types and
risk factors of HL in TS patients in China, with an aim to improve
the prevention and treatment of TS ear diseases and improve the
quality of life of women living with TS.

2. Materials and methods

2.1. Clinical characteristics

Forty-six female patients diagnosed with TS in the Department
of Gynecology and Endocrinology, Guangzhou Women and
Children’s Medical Center affiliated to Guangzhou Medical
University were recruited and confirmed by chromosome
karyotype analysis of their peripheral blood as previously described
(17). Patients who also had another genetic disease (or another
related syndrome) affecting hearing and/or refused to cooperate
and were unable to perform audiometry testing were excluded. All
patients denied a history of ear trauma, noise exposure, ototoxic
drug use, smoking and drinking history. General information
and clinical data of the patients were collected, including height,
weight, chromosome karyotype, blood lipid concentrations,
thyroid function, BMD, and hormone treatment status. This study
was approved by the Ethics Committee of Guangzhou Women and

Frontiersin Public Health

10.3389/fpubh.2023.1076812

Children’s Medical Center (2016042019), and all participants or
their guardians signed an informed consent form.

2.2. Diagnostic criteria

2.2.1. Turner Syndrome diagnostic criteria

The diagnostic criteria for TS included a karyotype containing
one X chromosome and complete or partial absence of the
second sex chromosome, associated with one or more typical
clinical manifestations of TS, including short stature, hypoplastic
secondary sexual characteristics, primary or secondary amenorrhea
during adolescence, webbed neck, elbow valgus, cardiovascular and
urinary system and other malformations (3).

2.2.2. Diagnostic criteria for audiology

According to the 2021 World Health Organization’s hearing
loss classification standards, using the pure tone average air conduct
threshold between 500, 1,000, 2,000, and 4,000 Hz frequencies as
the hearing threshold, HL is defined as having hearing thresholds
greater (worse) than 20 decibel (dB) alteration at 6 and/or 8 kHz,
and the PTA value obtained by average air conduction thresholds
between 500, 1,000, 2,000, and 4,000 Hz frequencies is used as the
basis for classifying hearing loss levels: (1) Normal hearing: less
than 20 dB; (2) Mild HL: 20 to <35 dB; (3) Moderate HL: 35 to
<50 dB; (4) Moderately severe HL: 50 to <65 dB; (5) Severe HL: 65
to <80 dB; (6) Profound HL: 80 to <95 dB; (7) Complete or total
HL: 95 dB or greater; and (8) Unilateral: <20 dB in the better ear, 35
dB or greater in the worse ear. Using the PTA air-bone gap (PTA-
ABG) and bone conduction pure tone average (PTA), HL is divided
into conductive, sensorineural and mixed hearing loss.

According to the pressure variations exerted in the outer ear
canal 19, the tympanic impedance is divided into Type A (normal,
with a symmetric wave), Type B (rounded or flat curve), Type C
(low wave with leftward shift) and Type Ad (very high wave) (18,
19).

2.2.3. Diagnostic criteria for patient investigations

Al TS patients received diagnosis and treatment in Guangzhou
Women and Children’s Medical
detailed consultation (including past and present medical

Center, and underwent
history), tympanic membrane and audiological examination
by otorhinolaryngology specialists. Pure tone audiometry was
performed with GSI AudioStarPro in the audiometry room with
background noise less than 25 dB. Each frequency was repeated
three times, and the air conducting threshold was recorded at 125,
250, 1,000, 2,000, 4,000, and 8,000 Hz frequencies, respectively.
Bone conduction thresholds were recorded at 125, 250, 1,000,
2,000, and 4,000 Hz respectively. Tympanometry was performed
with a GSI TympStar middle ear analyzer, with probe tone set to
a frequency of 226 Hz. Peripheral blood was collected into inert
separating gelatinizing tubes, serum collected and stored at —20°C
until required for analysis. Thyroid stimulating hormone (TSH),
free thyroxine (FT4), thyroid peroxidase antibody (TPO-ADb),
triglyceride (TG), total cholesterol (TC), low- density lipoprotein
(LDL), and high-density lipoprotein (HDL) were measured in
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the serum of all subjects. Thyroid function was measured by the
electron chemiluminescence immunoassay in the Abbott 12000
analyzer, and the blood lipid levels of all subjects were measured
by the Hitachi 7600-200 analyzer. Body fat, waist:hip ratio and
BMD in different sites were measured by dual energy X-ray
absorptiometry (DXA) using a Lunar DXA densitometer (Lunar
Corporation, Madison W1, U.S.A.).

2.3. Statistical analysis

The SPSS 26.0 software package was used for statistical analysis
of all data. The measurement data with normal distribution is
represented by mean + standard deviation, and the comparison
between the two groups was performed by test. Counting data are
expressed as the number of cases and percentages and compared
using chi-square test or Fisher’s exact test. Linear regression analysis
was used to explore causal relationships. P < 0.05 was considered
as statistically significant.

3. Results

3.1. Patient characteristics

A total of 46 patients aged 14-32 years with a diagnosis of
TS were included in the study, and the basic characteristics of
the study participants is shown in Table 1. In total of 18 patients
had a chromosome karyotype of 45, X, and the rest had other
chromosome karyotypes, including mosaicism, X chromosome
aberration and contained Y chromosome, among which 3 patients
had no deletion of the SHOX gene. In line with existing guidelines
for the treatment of TS, all the participants received hormone
replacement treatment (HRT).

3.2. Audiological examination

A total of 92 ears of 46 patients underwent pure tone
audiometry and tympanometry (Table2). It was found that 9
(19.6%) had HL, including 1 (2.2%) with mild conductive hearing
loss, 5 (10.9%) with mild sensorineural hearing loss, 3 (6.5%) with
moderate sensorineural hearing loss, but none had moderately
severe or higher hearing loss. In addition, 6 (13.0%) only had
high-frequency hearing loss in the PTA; 36 (78.2%) had “A” type
tympanogram, 7 (15.2%) “Ad” type, 1 (2.2%) “B” type, and 2 (4.4%)
“C” type. Compared with other karyotypes (including mosaicism,
chromosomal abnormality, and Y chromosome-containing type),
45, X haplotype patients had higher hearing thresholds at 1, 2, and
4KHz, and hearing thresholds at 1 and 2 KHz were higher than the
normal level (P < 0.05) (Table 3). However, there was no significant
correlation between chromosome karyotype and the type and
degree of HL (Table 4). In addition, three TS patients without
SHOX gene deletion had normal audiological examinations, but
SHOX gene abnormalities had no association with the pure tone
audiometry and tympanogram results (data not shown).
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TABLE 1 Clinical characteristics of the study participants.

Age (years) 20.57 £+ 0.67
Height (m) 1.50 £ 0.01
Weight (kg) 51.94 £ 1.43
BMI (kg/m?) 23.13+£0.58
Age at diagnosis (years) 14.35 + 5.36
Duration of GHT 447 £3.18
Duration of HRT 3.70 +3.28
Karyotype

Monosomy X (45, X) [ (%)] 18 (39.1%)

Other alterations [ (%)] 28 (60.9%)

Short stature homeobox

Exists [1 (%)] 3(6.5%)

Missing [1 (%)] 43 (93.5%)

FSH (mIU/ml)

34.21 (8.89, 67.16)

LH (mIU/ml)

7.99 (3.09, 17.52)

E2 (pmol/l)

93.00 (37.00, 134.50)

INS (Uu/mL)

7.50 (5.78, 10.15)

TC (mmol/l) 527 £0.16
TG (mmol/l) 1.62 £0.11
HDL-C (mmol/l) 1.61 £ 0.05
LDL-C (mmol/l) 298 £0.13
TG/HDL-C 1.06 £0.83

TSH (mIU/1) 2.16 (1.75, 2.95)

FT4 (pmol/l) 13.46 +0.24

TPO-Ab (IU/ml) 1.46 (0.08, 247.68)

WHR 0.93 £ 0.02
BF (%) 35.16 £ 0.90
Whole Body BMD (g/cm2) 0.89 £ 0.01
Lumbar Spine BMD (g/cm2) 0.77 £0.02
Femur Neck BMD (g/cm2) 0.65 £ 0.02
Total Hip BMD (g/cm2) 0.65 £ 0.02

GHT, Growth hormone treatment; HRT, Hormone replacement treatment; WHR, Waist hip
ratio; BE, Body fat; BMD, Bone mineral density.

3.3. Associated factors for hearing loss in
TS subjects

The results showed that there were statistically significant
differences in age and height between the normal hearing group and
hearingloss group (as defined by PTA) (P < 0.05) (Table 5). The age
of the hearing loss group was higher than that of the normal hearing
group, while the height of the hearing loss group was lower than
that of the normal hearing group. Obesity, insulin resistance, blood
lipid levels, thyroid function, estrogen levels, and BMD were not
associated with HL in TS, and growth hormone treatment (GHT)
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and hormone replacement treatment (HRT) were not significantly
associated with hearing status in TS. Linear regression analysis was
performed on age and pure tone average of each frequency, and it
was found that with an increase in age, the hearing thresholds and
average hearing thresholds of 2, 4, and 8 KHz increased (P < 0.05)
(Table 6, Figure 1).

4. Discussion

Due to complete or partial deletion of the X chromosome,
patients with TS often have associated developmental abnormalities
and malformations, and different cytogenetic changes can lead
to clinical heterogeneity. In addition to gonadal dysgenesis
and short stature, with the increase of age, TS women often
encounter a variety of complications, such as cardiovascular
disease, autoimmune disease, metabolic disease, osteoporosis, and
neurocognitive deficits (4).

Hearing problems can occur at all ages in TS patients, and
the incidence is higher than that of normal people (5, 20-22).

TABLE 2 Audiological tests for TS of the study.

Subject Value

Types of hearing loss

10.3389/fpubh.2023.1076812

The types of HL in TS patients included conductive hearing loss
(CHL), sensorineural hearing loss (SNHL), and mixed hearing
loss (MHL). The study found that the incidence of TS combined
with HL varies greatly in different regions and populations. The
occurrence of CHL is related to pharyngeal canal and craniofacial
dysplasia (23). The incidence of CHL in TS patients is about 6—
43%, and it is often secondary to chronic or recurrent otitis media
(23-25), which is more common in childhood and adolescence,
and continues to develop into adulthood (23). At present, the
diagnostic criteria and definition of the intermediate frequency
range of SNHL vary, and the incidence of SNHL varies greatly
among different studies. Some scholars further distinguished mid-
frequency hearing loss (MFHL) or high frequency hearing loss
(HFHL) as distinct forms of HL. Chan et al. (26) stipulated that the
intermediate frequency was between 1-2k Hz, while Verver et al.
(27) believed that the intermediate frequency was between 0.5-
2k Hz. Studies have found that the incidence of SNHL in women
with TS is about 9-66%, often presenting as HFHL and/or MFHL.
The pure tone audiometry shows a gradual descent and steep

TABLE 4 Distribution of chromosomal karyotypes and genes with types
and degrees of hearing loss in patients with Turner Syndrome.

Type of
hearing loss

Karyotype

Monosomy X Other alterations

Normal 31 (67.4%) (h=18) (h = 28)
Conductive 1(2.2%) Conductive 0 (0.0%) 1 (100.0%)
Sensorineural 8 (17.4%) Sensorineural 5(62.5%) 3 (37.5%)
Alteration at 6 and/or 8 kHz 6(13.0%) Alteration at 6 2(33.3%) 4 (66.7%)

and/or 8 kHz
Degree of loss

Degree of hearing loss
Normal 37 (80.5%)

Mild 3(50.0%) 3(50.0%)
Mild 6(13.0%)

Moderate 2 (66.7%) 1(33.3%)
Moderate 3 (6.5%)

Tympanogram
Tympanogram

A 15 (41.7%) 21 (58.3%)
A 36 (78.2%)

Ad 2 (28.6%) 6(71.4%)
Ad 7 (15.2%)

B 0 (0.0%) 1 (100.0%)
B 1(2.2%)

C 1(50.0%) 1 (50.0%)
C 2 (4.4%)

Comparisons were done by Fisher’s Exact Test, and P > 0.05.
TABLE 3 Threshold of hearing at different frequencies for different karyotypes.

Frequencies Monosomy X (n = 18) Other alterations (n = 28) P value ‘
125Hz 19.52 +£10.23 22.06 £12.13 0.43
250 Hz 18.61 +11.44 17.95 £ 10.78 0.78
500 Hz 16.81 £11.72 15.45 £+ 12.33 0.60
1,000 Hz 21.25 £ 13.60 14.46 £+ 14.23 0.03*
2,000 Hz 21.67 £15.72 13.30 £ 13.43 0.01*
4,000 Hz 19.31 £17.53 12.14 £ 11.59 0.04*
8,000 Hz 22.50 £20.99 15.45+11.81 0.11

Other alterations: mosaicism, X chromosome aberration and contained Y chromosome. *Denotes significant differences.

Frontiersin Public Health

frontiersin.org


https://doi.org/10.3389/fpubh.2023.1076812
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Lin et al.

TABLE 5 Factors associated with hearing loss.

10.3389/fpubh.2023.1076812

Subject Normal audiometry Altered audiometry P value ‘
Age (years) 19.89 + 4.40 23.44 +4.48 0.04*
Height (m) 1.51 £ 0.06 1.46 + 0.06 0.03*
Weight (kg) 52.74£9.31 48.65 4+ 11.00 0.26
BMI (kg/m2) 23.24 £+ 3.90 22.65 £ 4.18 0.69
BF (%) 34.46 +£4.93 37.45 £ 5.90 0.16
WHR 0.94 +0.13 091 £0.12 0.61
Whole Body BMD (g/cm?) 0.89 £ 0.07 0.87 £0.11 0.06
Lumbar Spine BMD (g/cm?) 0.77 £ 0.09 0.76 4 0.14 0.95
Femur Neck BMD (g/cmz) 0.64 £0.11 0.66 £ 0.16 0.65
Total Hip BMD (g/cm?) 0.72 £0.11 0.73 £0.12 0.80
FSH (mIU/ml) 35.50 (9.41, 72.78) 13.82 (6.86, 45.50) 0.23
LH (mIU/ml) 8.60 (3.04, 18.66) 6.63 (2.72,12.73) 0.26
E2 (pmol/l) 92.0 (37.00, 137.00) 100.20 (37.00, 152.50) 0.84
TSH (mIU/1) 2.20 (1.66, 3.19) 1.94 (1.80, 2.85) 0.68
FT4 (pmol/l) 13.32+1.53 14.07 £ 1.94 0.21
TPO-Ab (IU/ml) 8.99 (0.08, 274.92) 0.44 (0.06, 59.27) 0.48
TC (mmol/l) 511+£0.73 5.90 £ 1.82 0.23
TG (mmol/l) 1.59 +0.69 1.71 £+ 1.02 0.67
HDL-C (mmol/l) 1.59 +0.26 1.70 £ 0.52 0.55
LDL-C (mmol/l) 2.93 £0.58 3.20 £ 1.60 0.63
TG/HDL-C 1.03 +0.48 1.18 +0.85 0.64
INS (Uu/mL) 7.90 (5.67, 11.30) 7.50 (6.50, 8.40) 0.77
Duration of GHT 2.31£3.10 1.44 4+ 3.36 0.46
Duration of HRT 324+294 5.56 £+ 4.10 0.06

GHT, Growth hormone treatment; HRT, Hormone replacement treatment; WHR, Waist hip ratio; BE, Body fat; BMD, Bone mineral density. *Denotes significant differences.

TABLE 6 Relationship between age and PTA at different frequencies.

PTA/age 2,000 Hz PTA/age 4,000 Hz PTA/age 8,000 Hz PTA/age
R-Value 023 023 023 022
P-Value 0.02* 0.02* 0.02* 0.04*

*Denotes significant differences.

descent curve, which is similar to age-related HL, but the onset
age is much younger and the progression rate is much faster (20).
This progressive HL is more common in people with a history of
recurrent ear infections in the early stage, and is usually associated
with a defect in the outer helix hair cells in the middle and lower
part of the cochlea, which is aggravated with age (28). MHL occurs
in 3-13% of TS patients, and is more common in patients aged 30
years and above (10, 28). In this study, 46 TS patients aged 14-32
years were studied. The incidence of CHL was 2.2%, SNHL 17.4%,
HFHL 13.0%, and MHL was not found, presenting with age-related
HL. Compared with previous studies, the incidence of various types
of HL in TS patients in this study was lower, which may be related to
race, age composition ratio and small sample size. In addition, we
did not compare HL levels with the normal population, however

Frontiersin Public Health

based on relevant reference ranges levels of HL were higher in our
TS population.

Young and middle-aged women with TS often present with
progressive HL, which intensifies rapidly in adulthood (20-22).
HL is mainly composed of two causes: MFHL, which may be
related to genetic factors; and age-related HFHL, which may be
affected by estrogen deficiency (21). The incidence of HL in TS
women was much higher than that in the general population.
Regardless of initial age, hearing level, karyotype, or the presence
or absence of MFHL, TS patients had a similar rate of de-cline as
normal women aged 70-90 years, especially in the high-frequency
region, with a decrease of 0.8-2.2 dB per year (21). High-frequency
SNHL is common in TS patients (5, 29). Compared with chimeric
TS patients, 45, X haplotype TS patients had a more significant
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FIGURE 1
The relationship between age and PTA at different frequencies. (A) Average hearing threshold increases with age; (B) 2,000 Hz hearing threshold
increases with age; (C) 4,000 Hz hearing threshold increases with age; (D) 8,000 Hz hearing threshold increases with age.

age-dependent increase in high-frequency hearing threshold (29).
Morimoto et al. (29) studied the hearing status of 33 female TS
patients aged 8-40 years and found that more than 60% of TS
patients suffered from high-frequency SNHL, and the incidence
increased with age, and is usually associated with defect in the
outer helix hair cells in the middle and lower part of the cochlea
(30, 31). Animal experiments (32, 33) showed that “Turner mice”
had ear and hearing problems similar to those of TS women,
SNHL was usually accompanied by MFHL and early HFHL, and
the loss of outer hair cells was obvious in the cochlear basal turn of
Turner mice, and the expression of estrogen receptor in outer hair
cells of the helical organ was weakened. These results suggest that
estrogen and its receptor have protective effects on the development
of cochlea. The results of our study also found that TS patients
presented with age-related HL in middle and high frequency, and
45, X karyotypes were more common, indicating that HL was
related to age and chromosome karyotype. Given the age related
incidence of HL in TS patients we would recommend yearly follow
up for these patients, in line with Chinese guidelines for people at
high risk of HL.

Previous studies have observed that karyotype is related to the
type and degree of HL in TS patients. It has been reported that
those with a TS karyotype of 45, X are more likely to suffer from
SNHL, compared to mosaicism or structural anomaly, patients
with a monosomy 45, X or isochromosome (both have a total
deletion of the short (p) arm of the X-chromosome) had more
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pronounced HL, which supports the hypothesis that hearing can
be affected due to the loss of the X chromosome p arm, and the
loss of different parts of the short arm of the X chromosome
causes different phenotypes of HL (27, 33, 34). Barrenas et al.
(35) found that the incidence of SNHL and auricular abnormalities
increased significantly with the proportion of 45, X cells in TS
individuals, suggesting that the disease was not only caused by
specific X chromosome deletion, but also related to the cell cycle
extension caused by chromosome aberration itself. Hearing is
affected by dysfunctions of the outer, middle and inner ears
caused by growth disorders during development. However, Bazilio
et al. (28), Bois et al. (36) found that there was no statistically
significant correlation between karyotype and the type or degree
of HL. This study explored the relationship between chromosome
karyotype and hearing in TS patients, and it was found that
chromosome karyotype was unrelated to the type and degree of HL.
Compared with other chromosome karyotypes (including chimeric
type, abnormal chromosome structure type and body type with Y
staining), hearing frequency of 45, X haplotypes increased at 1,000,
2,000, and 4,000 Hz. It suggests that the HL of TS may be related to
the short arm deletion of X chromosome. In addition, our study
found that audiology was normal in the 3 TS patients without
deletion of SHOX gene, supporting the hypothesis that the absence
of growth regulation genes, such as SHOX gene, may be associated
with the occurrence of early HL, suggesting that karyotype or SHOX
gene can be used as a predictor of hearing problems in TS.
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Studies have shown that the incidence of HL with TS women is
much higher than that in women of the same age, and age-related
hearing impairment may be affected by estrogen deficiency (10, 21,
29). It has been observed that the incubation period of the auditory
brainstem response (ABR) in women is shorter than that in
men, but the incubation period and amplitude of postmenopausal
women are the same as those of men of the same age (8). In
addition, HL in women continues to decline after menopause,
with hearing decline being more rapid after menopause than
before (9). The difference of hearing level between males and
females and the change of hearing level in perimenopausal women
suggests a protective effect of estrogen on hearing. TS is a
chromosome aberration caused by the deletion of all or part of the
X chromosome. The main feature is ovarian hypoplasia, little or no
endogenous estrogen production, often accompanied by ear and
hearing problems. “Turner mice”, as a model of TS ear problems,
showed otitis media and early HL, and the ABR of Turner mice
showed progressive HL in high-frequency ranges, and was related
to age (32, 33). Another study found that the hearing of female
mice before menopause is better than that of male mice, but
this advantage is weakened after menopause, which indicates that
estrogen has certain effects on hearing (7, 37). However, in the
current study there was no correlation between hearing loss and
estrogen levels in TS patients. The reason for this is unclear but may
relate to all patients receiving HRT. In addition, TS patients often
display additional different non-sex chromosomal abnormalities
that may affect hearing associated genes, although this association
required further investigation.

TS patients often also present with endocrine abnormalities,
metabolic diseases and abnormal bone metabolism. Approximately
30-50% of TS patients suffer from thyroiditis or hypothyroidism,
40-45% are positive for peroxidase antibodies, and have an
increased risk for development of autoimmune diseases (38—
40). Congenital and acquired hypothyroidism is a common
cause of SNHL, mainly manifested by changes in audiological
examinations such as brainstem auditory evoked potentials and
hearing thresholds, these changes will occur after timely thyroid
hormone replacement therapy (12). Animal models also found
that reduced thyroid hormone secretion affects the development
of the inner ear, leading to changes in the structure of the inner
ear cochlea, which leads to SNHL (41-43). At present, there is no
relevant research on the relationship between hearing level and
thyroid function in patients with TS, and our data demonstrate no
association between HL and thyroid function, further studies are
needed to assess the relationship.

Metabolic syndrome is more common in TS, and it has
been reported that about 50% of adolescents with TS have
hypercholesterolemia (4, 44). Previous studies have shown that
lipid profiles and obesity are risk factors for HL (13, 14, 45).
Metabolic syndrome and its related factors are risk factors for
HL. With an increase in the number of related factors, such as
abdominal obesity, hypertension, increased fasting blood glucose,
in-creased TG level and decreased HDL-C level, the risk of HL will
increase, and the number of metabolic syndrome related factors is
significantly correlated with hearing threshold (46-48). It has also
been shown that patients with mosaic karyotypes are more likely
to develop dyslipidemia than patients with other karyotypes, while
patients with circular chromosomes are more likely to develop
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metabolic disorders (22). Alvarez-Nava et al. (49) found that
metabolic syndrome was a risk factor for SNHL in adult patients
with TS and that reducing the severity of metabolic syndrome
may help reduce the progression of SNHL. Our study compared
the blood lipid, insulin levels, and BMI of the TS between the
normal hearing group and the hearing loss group, and found that
TS with HL was not associated with insulin resistance, obesity,
and dyslipidemia, may be related to lifestyle or drug treatment
interventions, such as metformin, metabolic abnormalities, and
further studies are needed to explain the potential pathological
mechanism between metabolic abnormalities and SNHL.

The occurrence time of abnormal bone metabolism of TS is
about 20-30 years earlier than that of normal women, and the
risk of fracture is about 25% higher than that of normal people
(50, 51). Previous studies have found that osteoporosis and low
BMD can lead to HL, which may be associated with abnormal bone
metabolism in the temporal bone, including loss of bone mass in
the ossicular chain in the middle ear and osseous structures in the
inner ear such as the bone labyrinth (15-17, 52). Yueniwati (53)
found that BMD of cochlea, ossicles, femur or spine was negatively
correlated with hearing threshold, indicating that abnormal bone
metabolism may lead to HL. Current studies have found that
decreased HL and BMD increase the risk of fracture in women
with TS (54, 55), while no study has confirmed that decreased
BMD in women with TS increases the risk of HL. Previous
studies have found that HRT can effectively improve the BMD
levels of the whole body, femoral neck and hip in TS patients
(56). In this study, it was found that after HRT in TS patients,
there was no statistical difference in BMD between the normal
hearing group and the hearing loss group, suggesting that HRT
can improve BMD of patients to a certain extent, but there was
no significant improvement in hearing level of patients. Therefore,
hearing abnormalities in TS patients cannot be explained only
by insufficient estrogen level, and it may be necessary to expand
the sample size and conduct grouping studies to explore the
correlation between clinical phenomena of HL and related etiology
in TS.

5. Conclusion

TS is often manifested as age-related MFHL and HFHL,
and the incidence of HL increases with age. Compared with
other karyotypes, patients with 45, X haplotype have an
increased risk of MFHL; karyotype or SHOX gene can be
used as a predictor of hearing problems in TS. For patients
with confirmed TS, endocrinologists should pay attention
to HL, (yearly)
and hearing monitoring, strengthen patient education, and

conduct regular endoscopic examination

reduce the impact of TS on their study, psychology and quality
of life.
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