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Abstract Turner syndrome (TS) is one of the most fre-
quently encountered sex-linked chromosomal abnormali-
ties, occurring in one per 2,000 female births. These
patients present with short stature and failure to begin
puberty. In this syndrome, there are multiple organ
abnormalities, including auditory disorders. TS patients
were referred to the ENT clinic by a pediatric endocri-
nologist. A questionnaire was filled out and the patients
went through a complete otologic examination. They were
then referred to the audiology clinic to undergo audiologic
test battery plus high-frequency pure tone audiometry.
From a total of 48 ears examined, 11 (22.9 %) had a nor-
mal audiometry. Mid-frequency sensorineural hearing loss
(SNHL), high-frequency SNHL, combined and mixed
hearing loss were diagnosed in 6 (12/5 %), 20 (41/7 %), 6
(12/5 %) and 1 (2/1 %) ear, respectively. Tympanogram
results showed normal compliance (A, As, Ad) in the
majority of cases. B and C patterns were found in a few
cases. Speech discrimination score was normal in all
patients whereas speech reception threshold was normal in
92 % of the ears. Audiometry abnormality especially
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Introduction

Turner syndrome is a sex-linked chromosomal abnormality
which involves 1 out of 2,000 live female births [1]. It was
initially diagnosed in 1938 by an American physician
named Henry H. Turner and described by two main find-
ings including a short stature and absent secondary sexual
characteristics due to ovarian failure resulting from gona-
dal dysgenesis, while hearing disorders were overlooked
[2]. This syndrome is caused by the absence of two com-
plete copies of the X chromosome in some or all the cells.
The affected cells may have only one X (monosomy)
(45,X) or they may be classified in one of the several types
of partial monosomy like a short (p) arm deletion of one X
chromosome (46,XdelXp) or the presence of an isochro-
mosome with two q arms (46XiXq). In the case of mosa-
icism, cells with X monosomy (45, XO) may occur along
with cells that are normal (46,XX), cells that have partial
monosomies, or cells that have a Y chromosome (46,XY)
[3].

Recent reports have suggested a significant incidence of
sensorineural hearing loss in children with Turner syn-
drome. Yet, the incidence, diversity and even analysis of
such otological signs and symptoms in patients with this
syndrome have been difficult to evaluate because of rela-
tively small numbers of reported surveys, different criteria
used as hearing loss threshold and its amount and the
overlap between conductive and sensorineural hearing loss
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in some ear infections [4]. Anyhow, these patients may
suffer from conductive, sensorineural and mixed hearing
loss [5]. Conductive hearing loss usually occurs as a result
of recurrent middle ear infections which are common
during the childhood of such kids [1]. In the available lit-
erature the rate of conductive hearing loss has ranged from
6 to 44 % [6]. Although higher rates reaching up to 58 %
of middle ear infections requiring treatment were also
reported in some studies [7]. The prevalence of sensori-
neural hearing loss has been reported as high as 9-83 % in
other studies [6] and has two common patterns of mid (dip)
and high-frequency loss. The dip type begins at early age
and most probably has a genetic basis; it is also a strong
predictor of progressive hearing loss in the future [8].
High-frequency hearing loss is most commonly seen in
older women [9] and is almost equal to presbycusis, a
disorder which is seen in a younger age in the general
population resulting from estrogen insufficiency [8].

The simultaneous existence of these two types of hear-
ing loss has been also diagnosed (the mixed pattern).
Hultcranz and Sylven [10] believe that with aging, high-
frequency hearing loss is added to the dip pattern which
results in serious hearing problems in Turner cases in
comparison to their peers.

Regarding the prevalence of hearing disorders in Turner
patients, no similar study having been conducted in the
Middle East so far, and considering the wide variety
between different communities in terms of environmental,
socioeconomic, climate and health aspects that affect the
hearing disorders in such patients, we aimed at studying
these disorders in Turner patients and reporting their
prevalence in our region. Speech reception thresholds and
speech discrimination score were also measured to evaluate
the communication disabilities among Turner Syndrome
patients. The small sample size hampered the karyotype
and age specific categorization in this survey.

Materials and methods

This cross-sectional study was performed from summer
2010 to autumn 2012 on 25 patients with Turner syndrome.

All patients had been referred by a pediatric endocri-
nologist to the ENT clinic of Qaem Educational Hospital,
Mashhad, Iran. The patients were fully examined by an
otolaryngologist, microscopically. In addition, the patients
were referred to an audiologist to undergo high-frequency
pure tone audiometry and tympanometry as well as speech
discrimination score and speech recognition threshold.
Normal pure tone audiometry (PTA) or speech reception
threshold (SRT) level is defined as PTA or SRT level
<25 dB HL.
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In the case of any abnormalities, the appropriate treat-
ment was recommended and initiated accordingly. Patients
with a history of trauma, otologic surgery or ototoxic drug
consumption were excluded from the study. An informed
consent was obtained from each patient or their guardian
prior to study entrance.

The collected data were analyzed by the SPSS software
version 11.5. Independent ¢ test was used for data analyses
and a P < 0.05 was considered as statistically significant.

Results

Our studied subjects were aged from 4 to 37 years (mean
age 14.6 £ 6.93 years). Among the 25 cases, 22 karyo-
types were available from which 12 (55 %), 8 (36 %) and 2
(9 %) had 45x0, isochromosome or mosaicism karyotype,
respectively.

Some audiologic tests could not be performed in one
patient due to very young age. In total, among the 48
studied ears, 11 (22.9 %) had normal hearing; 6 (12.5 %)
and 20 (41.7 %) had mid- and high-frequency sensori-
neural hearing loss, respectively, whereas 4 (8.3 %) had a
combination of high- and mid-frequency hearing loss.
Conductive and mixed hearing loss were detected in 6
(12.5 %) and 1 (2.1 %) case, respectively.

Speech discrimination score (SDS) values were between
92 and 100 %. Twenty-three (92 %) patients had a normal
SRT in both ears whereas it was out of normal range in 2
(8 %). In total, type A tympanogram was found in 84 %
(21 cases) and 88 % (22 cases) of right and left ears,
respectively. While these figures were 16 and 12 % for the
type B in a same order.

The frequency of different types of hearing loss in the
studied subjects is shown in Table 1.

In this study no meaningful relationship was found
between the right and left ear tympanogram with age
(P value in the right ear = 0.148 and in the left
ear = 0.343).

Table 1 Frequency of different types of hearing loss in the studied
cases

Type of hearing loss Frequency (%)

Normal 11 (22.9)
Mid-frequency SNHL 6 (12.5)
High-frequency SNHL 20 (41.7)
CHL 6 (12.5)
Mixed 1.1

Combined SNHL 4 (8.3)

Total 48 (100)




Eur Arch Otorhinolaryngol (2015) 272:3705-3708

3707

Discussion

Turner syndrome is an X-linked chromosomal abnormality
which results in a short stature and abnormal expression of
secondary sexual characteristics. Moreover, a wide range
of various organ disorders such as heart, kidney, endocrine
system and especially otologic disorders are developed [1].

Hearing disorders were first described by Anderson in
Turner’s patients [7]. From then the psychosocial impact of
this hearing impairment has increasingly become the issue
of concern. This is even more important in sensorineural
hearing loss as the presence of a mid-frequency dip is
specifically a strong predictor of future hearing status
deterioration with subsequent social consequences [8].

Regarding the possible role of racial and environmental
factors in the incidence of various disorders and as no such
study has been conducted on hearing disorders in Turner
patients in the Middle East, we aimed at investigating its
prevalence in Iran.

The level of normal hearing in our study was 22.9 %
which has ranged from 17 to 71.9 % in other studies [4,
6, 8, 11].

High-frequency sensorineural hearing loss was found in
41.7 % of our patients in agreement with the study by Chan
in 2012 [6] and Beckman in 2004 [4]. In 1994, Hultcranz
et al. [10] reported that this type of hearing loss is added to
the dip type in older ages. However, Hederstierna et al. [8]
believed that it is actually presbycusis which has occurred
early in Turner patients.

The mid-frequency pattern of sensorineural hearing loss
(dip) was reported as 12.5 % in the present study which has
ranged between 4 and 68 % in similar researches [12, 13].

In Stenberg study, the latter pattern (dip) was the
dominant pattern of hearing loss in the studied patients
[13]. Hultcranz and Hederstierna in 2009 [8] stated that this
kind of hearing loss as a genetic origin and is a strong
predictor of rapidly progressive hearing loss in the near
future. This type of hearing loss usually manifests at an
early age which justifies the high rate of this kind of
hearing loss in Stenberg’s study [13].

The simultaneous existence of both types of hearing loss
in high and mid frequency (combined) was seen in 8.3 %
of the cases which is in consistent with Makishima and
Barrenas studies [4, 14]. In Makishima study among the 57
cases with sensorineural hearing loss, 60 % had the high-
and mid-frequency pattern [14].

Conductive hearing loss was diagnosed in 12.5 %
which is similar to the result reported by Chan in 2012 as
11 % [6]. This type of hearing loss is due to recurrent
infections in the middle ear and the resulting sequel in the
middle ear and the tympanic membrane. Regarding the
high rate of infections in the early ages, this type of
hearing loss usually develops at childhood, as in Verver

(age range 1.7-21.2 years) [12], Stenberg (age range
4-15 years) [13] and Watkin (mean age 10.5 years) [15]
studies, the reported rate of conductive hearing loss was
high. However, in Han study which was conducted on
Turner adult cases (age >19 years), this type of hearing
loss was diagnosed in 18 % of the patients [16]. Another
explanation might be the environmental effect, as we can
see most of the aforementioned studies with a high-
prevalence rate were from Nordic or high altitude coun-
tries. Although the climate changes may play an important
role in this field, we should not overlook the socio-eco-
nomic aspect of the Middle Eastern developing countries
and its effect on middle ear infections and its
complications.

The mixed pattern of hearing loss was found in only one
(2.1 %) patient. The same pattern was also reported in
Verver and Dhooge study but with a lower rate [11, 12].

In tympanometric studies 84 and 88 % were reported as
type A in the right and left ear, respectively. The same
pattern was dominant in other studies as well [11, 17].

There are few reported studies that measure speech
discrimination score. In our study the SDS ranges between
92 and 100 %. Of note, this percentage was obtained in a
silent environment. The report by Hederstierna et al. [8]
involved speech comprehension measurement in noise, a
more difficult task for hearing-impaired people.

Limitations

Lack of sufficient data to relate the patients’ age and
karyotype to the type and amount of hearing loss was an
important limitation of this study.

Conclusion

This study shows that audiometric abnormalities are fre-
quent in Turner syndrome patients, though not significant.
It seems that hearing and audiometric investigations are
important and Turner syndrome patients should be visited
by otolaryngologist and audiologist as complimentary
physical examination.

Considering the difference with similar studies per-
formed in other parts of the world, the role of racial and
environmental factors is further verified in Turner syn-
drome patients. Careful follow-up during early childhood
of children with Turner syndrome is necessary to detect
middle ear disease and prevent sequel.

Acknowledgments This study was supported by a grant from the
Research Council of Mashhad University of Medical Sciences.

Conflict of interest None to declare.

@ Springer



3708

Eur Arch Otorhinolaryngol (2015) 272:3705-3708

References

. Gravholt Claus H (2009) Turner—know your body: an infor-
mation book on Turner syndrome. Novo Nordisk, Malmo

. Tuner HH (1939) A syndrome of infantilism, congenital webbed
neck and cubitus valgus. Endocrinology 23:566-574

. Crespi B (2008) Turner syndrome and the evolution of human
sexual dimorphism. Evol Appl 1(3):449-461. doi:10.1111/j.1752-
4571.2008.00017.x

. Beckman A, Conway GS, Cadge B (2004) Audiological features
of Turner’s syndrome in adults. Int J Audiol 43(9):533-544

. Parkin M, Walker P (2009) Hearing loss in Turner syndrome. Int
J Pediatr Otorhinolaryngol 73(2):243-247. doi:10.1016/j.ijporl.
2008.10.012

. Chan KC, Wang PC, Wu CM, Ho WL, Lo FS (2012) Otologic
and audiologic features of ethnic Chinese patients with Turner
syndrome in Taiwan. J Formos Med Assoc 111(2):94-100.
doi:10.1016/j.jfma.2010.11.001

. Anderson H, Filipsson R, Fluur E, Koch B, Lindsten J, Weden-
berg E (1969) Hearing impairment in Turner’s syndrome. Acta
Otolaryngol Suppl 247:1-26

. Hederstierna C, Hultcranz M, Rosenhall U (2009) A longitudinal
Study of hearing decline in women with tuner syndrome. Acta
Otolaryngol 129(12):1434-1441. doi:10.3109/
00016480902741962

. Hultcranz M, Sylven L (1997) Turner’s syndrome and hearing
disorders in women aged 16-34. Hear Res 103(1-2):69-74

@ Springer

10.

11.

12.

13.

14.

15.

16.

17.

Hultcranz M, Sylvan L, Borg E (1994) Ear and hearing problems
in 44 middle-aged women with Turner’s syndrome. Hear Res
76(1-2):127-132

Dhooge 1J, De Vel E, Verhoye C, Lemmerling M, Vinck B
(2005) Otologic disease in Turner syndrome. Otol neurotol
26(2):145-150

Verver EJ, Freriks K, Thomeer HG, Huygen DL, Pennings RJ
et al (2011) Ear and hearing problems in relation to karyotype in
children with Turner syndrome. Hear Res 275(1-2):81-88.
doi:10.1016/j.heares.2010.12.007

Stenberg AE, Nylven O, Windh M, Hultcranz M (1998) Oto-
logical problems in children with Turner’s syndrome. Hear Res
124(1-2):85-90

Makisima T, King K, Brewer CC, Zalewski CK, Butman J,
Bakalov VK et al (2009) Otolaryngologic markers for the early
diagnosis of Turner syndrome. Int J Pediatr Otorhinolaryngol
73(11):1564-1567. doi:10.1016/j.ijporl

Watkin PM (1989) Otological disease in Turner syndrome.
J Laryngol Otol 103(8):731-738

Han TS, Cadge B, Conway GS (2006) Hearing impairment and
low bone mineral density increase the risk of bone fractures in
women with Turner’s syndrome. Clin Endocrinol (Oxf)
65(5):643-647

Morimoto N, Tanaka T, Taiji H, Horikawa R, Naiki Y, Morimoto
Y et al (2006) Hearing loss in Turner syndrome. J Pediatr
149(5):697-701


http://dx.doi.org/10.1111/j.1752-4571.2008.00017.x
http://dx.doi.org/10.1111/j.1752-4571.2008.00017.x
http://dx.doi.org/10.1016/j.ijporl.2008.10.012
http://dx.doi.org/10.1016/j.ijporl.2008.10.012
http://dx.doi.org/10.1016/j.jfma.2010.11.001
http://dx.doi.org/10.3109/00016480902741962
http://dx.doi.org/10.3109/00016480902741962
http://dx.doi.org/10.1016/j.heares.2010.12.007
http://dx.doi.org/10.1016/j.ijporl

	Hearing disorders in Turner’s syndrome: a survey from Iran
	Abstract
	Introduction
	Materials and methods
	Results
	Discussion
	Limitations

	Conclusion
	Acknowledgments
	References




