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in acromegalic patients. IAC width in acromegaly group 
was narrower compared to that in control group (p = 0.03 
for right ears and p = 0.02 for left ears). When only cases 
with acromegaly were taken into consideration, PTA val-
ues in left ears had positive correlation with growth hor-
mone and insulin-like growth factor-1 levels (r = 0.4, 
p = 0.02 and r = 0.3, p = 0.03). Of all cases with acro-
megaly 13 (32%) had hearing loss in at least one ear, 7 
(54%) had sensorineural type and 6 (46%) had conductive 
type hearing loss.
Conclusion Acromegaly may cause certain changes in the 
auditory system in cases with acromegaly. The changes 
in the auditory system may be multifactorial causing both 
conductive and sensorioneural defects.
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Introduction

Acromegaly is associated with a wide range of systemic 
complications involving various organs. Excessive skeletal 
growth, soft tissue enlargement, cardiovascular, cerebrovas-
cular and respiratory disease are among well-known com-
plications of acromegaly [1–6]. Although certain sensory 
system functions are also known to be affected in acro-
megaly, auditory complications have not been identified in 
detail yet [7–10]. It is possible that widespread changes in 
acromegaly may also affect auditory system.

Screening protocols for complications of acromegaly 
have been developed and applied in clinical settings. Evalu-
ation of sensory system involving hearing, however, is yet 
to be included in the protocols [1, 11]. A limited number of 
studies and case reports on auditory system in acromegaly 
reported conflicting results [12–15].

Abstract 
Objective The aim of this study is to determine the changes 
involving auditory system in cases with acromegaly.
Materials and methods Otological examinations of 41 
cases with acromegaly (uncontrolled n = 22, controlled 
n = 19) were compared with those of age and gender-
matched 24 healthy subjects. Whereas the cases with acro-
megaly underwent examination with pure tone audiometry 
(PTA), speech audiometry for speech discrimination (SD), 
tympanometry, stapedius reflex evaluation and otoacoustic 
emission tests, the control group did only have otological 
examination and PTA. Additionally, previously performed 
paranasal sinus-computed tomography of all cases with 
acromegaly and control subjects were obtained to measure 
the length of internal acoustic canal (IAC).
Results PTA values were higher (p < 0.001 for right 
ears and p = 0.001 for left ears), and SD scores were 
(p = 0.002 for right ears and p = 0.002 for left ears) lower 
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In the presented study, we aimed to evaluate changes 
involving the auditory system in cases with acromegaly and 
to compare the parameters with those of healthy subjects.

Subjects and methods

A total of 41 cases with acromegaly (uncontrolled n = 22, 
controlled n = 19) were included in the study. Age and 
gender-matched 24 healthy subjects composed the control 
group (CG). The study protocol was approved by the Ethics 
Committee of Gaziantep University Faculty of Medicine. 
All subjects read and signed the informed consent forms 
before enrolling in the study.

GH and IGF-I levels were assessed by using chemilu-
minescence immunometric assay (Immulite, 2000, Sie-
mens, Germany). The presence of clinical findings failure 
to suppress nadir GH level to less than 1 ng/ml during oral 
glucose tolerance test and high levels of IGF-1 adjusted 
for age and gender were taken as evidence of uncontrolled 
acromegaly. Acromegaly was considered to be in remission 
when both circulating IGF-I level was within the normal 
age and gender-adjusted ranges and nadir GH was less than 
1 ng/mL during OGTT [16]. For all patients were obtained 
the history of surgery and radiotherapy, medical therapy 
and the disease duration. Acromegaly patients were also 
questionnaired for the presence of otologic symptoms.

The same ear–nose–throat specialist (E.B.) performed 
otological examinations of all subjects. Hearing tests were 
performed by two audiologists. Hearing thresholds of sub-
jects were evaluated with pure tone audiometry (PTA) at 
125, 250, 500, 1000, 2000, 4000 and 6000 Hz using an 
AC40 clinical audiometer (Interacoustics, Assens, Den-
mark). Subjects with PTA results above 15 dB were con-
sidered to have hearing loss according to the ANSI7 1996 
scale [17]. TDH-39 earphones and MX41/AR cover were 
used to detect air-conduction thresholds between 125 and 
6000 Hz and, Oticon 60,273 vibrator was used for the 
measurement of bone-conduction thresholds between 500 
and 4000 Hz.

Tympanic membrane compliance and middle ear pres-
sure were evaluated with tympanometry. Tympanogram 
results were interpreted as Type A when the results were 
depicted as normal; Type AS when there was a decrease 
in tympanic membrane vibration while pressure was equal 
on both sides of the membrane; Type AD when the mem-
brane movement was above normal; Type B when the 
membrane did not comply to the changes in pressure; and 
Type C when a pressure difference was present between the 
outer and middle ear under negative pressure. Presence and 
absence of a normal stapedial reflex (SR) was also assessed 
in automatic mode in 0.5, 1, 2 and 4 kHz.

Whereas all cases with acromegaly underwent examina-
tion with PTA, speech audiometry for speech discrimination 
(SD) tympanometry, SR evaluation and otoacoustic emis-
sion (OAE) tests, the control group did only have otological 
examination and PTA. Additionally, previously performed 
paranasal sinus-computed tomography of all cases with 
acromegaly and control subjects were obtained in order to 
measure the length of internal acoustic canal (IAC).

Statistical analyses were conducted using the SPSS 17.0 
package program. For the analysis of categorical data was 
used a χ2 test. Sample distribution was evaluated with the 
Kolmogorov–Smirnov test. Data of continuous variables 
meeting the normal distribution criterion were compared 
by using a student’s t test. Data of continuous variables 
with non-normal distributions were compared by using a 
Mann–Whitney U test. The Kruskal–Wallis test was used to 
compare the medians between the three study groups, and 
Bonferroni’s correction was used to adjust p values where 
p < 0.017 was significant. The results are presented as 
median and interquartile range [IQR]. The Pearson’s cor-
relation coefficient was used for the calculation of associa-
tions between variables. p < 0.05 was considered statisti-
cally significant.

Results

The mean age was 46.6 ± 11.1 years old for the cases with 
uncontrolled acromegaly, 46.8 ± 13.5 years old for the 
cases with controlled acromegaly and 42.8 ± 6.5 years old 
for the control group (CG) (p = 0.3). Female/Male distri-
butions were not different across the three groups (13/9 in 
uncontrolled acromegaly, 9/10 in controlled acromegaly 
and 13/11 in CG, p = 0.7). GH/IGF-1 levels and demo-
graphic data of the cases with uncontrolled and controlled 
acromegaly are presented in Table 1.

The evaluation of audiometry data showed signifi-
cantly higher PTA values (p < 0.001 for right ears and 
p = 0.001 for left ears) and lower SD scores (p = 0.01 
for right ears and p = 0.01 for left ears) in acromegalic 
patients compared to CG (Fig. 1). The difference between 
the three groups arose from the difference between uncon-
trolled acromegaly cases and the controls (for PTA-right 
p < 0.001, for PTA-left p < 0.001, for SD-right p = 0.006, 
for SD-left p = 0.004) as well as the difference between 
controlled acromegaly cases and the controls (for PTA-right 
p = 0.007, for PTA-left p = 0.05, for SD-right p = 0.02, 
for SD-left p = 0.02). Table 2 shows the comparison of 
auditory parameters between the three groups.

Based on the otologic examination, of all cases with 
acromegaly 13 (32%) had hearing loss in at least one ear, 7 
(54%) had sensorineural type and 6 (46%) had conductive 
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type hearing loss. The otologic symptoms of the cases with 
acromegaly were as following: hearing loss-6 (15%), tin-
nitus-5 (12%) and pain-1 (2%).

Tympanometry results were abnormal in right and/or left 
ears in 7 (17%) of the cases with acromegaly. Of those who 
had abnormal tympanometry results 6 (86%) had Type B 
and 1 case (14%) had Type C tympanometry. Of the 7 cases 
3 (43%) had bilateral abnormal tympanometry results.

SAR could not be elucidated in at least one ear of 32 
(78%) of 41 cases. Of these 32 cases 7 (22%) had con-
ductive type hearing loss whereas 25 (78%) did not. And 
of the latter group 22 (88%) had normal OAE where as 3 
(12%) had impaired results. For both right and left ears, 
none of the auditory parameters were statistically different 
in uncontrolled and controlled acromegaly cases (Table 3).

When only cases with acromegaly were taken into con-
sideration, right- and left-sided PTA values and SD scores 
were negatively correlated (for right r = −0.7, p < 0.001 
and for left r = −0.6, p < 0.001). PTA values and IAC and 
SD scores were not correlated with GH or IGF-1 levels. 

Moreover, GH, IGF-1 levels and disease duration were not 
different between cases who had and did not have hearing 
loss, SAR, treatment with somatostatin analogs, previous 
surgery and/or radiotherapy. Disease duration was not cor-
related with any of the auditory parameters (data not pre-
sented here).

Discussion

In the presented study, cases with acromegaly had higher 
pure tone audiometry values compared to controls, suggest-
ing hearing loss in acromegaly. PTA values in left ears of 
the cases with acromegaly increased with higher levels of 
GH and IGF-1. Additionally, cases with acromegaly had 
lower speech discrimination scores, indicating poor speech 
recognition in this group. Of all cases with acromegaly 
32% had hearing loss to some extent, 17% had abnormal 
tympanometry and 78% had absent stapedius reflex in at 
least one ear.

Table 1  Characteristics of the patients with uncontrolled and controlled acromegaly

Data were expressed as median and IQR

GKR Gamma knife radiosurgery

* Statistically significant p values

Bold indicate statistically significant p values

Controlled acromegaly (n = 22) Uncontrolled acromegaly (n = 19) p

Duration of diagnosis (years) 5.3 ± 4.1 7.3 ± 4.5 0.2

GH (ng/ml) 0.4 (0.2–0.7) 2.8 (1.9–5.6) <0.001*

IGF-1 (ng/ml) 208 (95–276) 472.5 (326.8–669.3) <0.001*

Treatment of acromegaly (n, %)

Previous surgery 16 (84%) 18 (82%) 0.8

Radiotherapy (GKR) 1 (5%) 8 (36%) 0.02*

Somatostatin analogs 13 (68%) 22 (100%) 0.004*

Fig. 1  Comparison of pure pone audiometry (PTA) values (a) and speech discrimination scores (b) between the three groups
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Acromegaly has a widespread systemic and organ 
effects, involving bony structures, soft tissues and nerve 
conduction [1]. Animal studies have shown that GH genes 
and/or signaling are involved in ear structures [18–20]. 
Therefore, it is plausible that excessive GH may cause 
alterations in auditory milieu. However, there is not suf-
ficient data on the alterations of auditory system in cases 

with GH excess. A few existing studies have revealed con-
flicting results with incidence of hearing loss in acromegaly 
varying from none to 43% [12–15].

In the current study cases with acromegaly had higher 
PTA values, indicating decreased hearing. PTA values were 
not different between cases with uncontrolled and con-
trolled acromegaly. This suggests that excessive GH and 
IGF-1, directly or indirectly, may cause changes in auditory 
system, so in hearing thresholds. PTA was not related to the 
status of remission, which may indicate that changes are 
irreversible once the auditory system is exposed to exces-
sive GH/IGF-1. Right-sided PTA values, however, were not 
related to GH or IGF-1.

What we found interesting, though, is that despite the 
objective measures indicating hearing loss in 32% of the 
cases with acromegaly, only 15% of the cases complained 
of any hearing difficulties. Hearing loss may have gone 
unrecognized, since most cases had slight/mild loss in hear-
ing with PTA values below 30 dB. Although a recent study 
showed sensorineural type hearing loss in 30% of cases with 
acromegaly, in the presented study conductive and sensori-
neural type hearing losses were almost equally encountered, 
with an incidence of 15 and 17%, respectively [12].

Of all cases with acromegaly 17% had abnormal tym-
panometry results, mostly Type B which indicate middle 
ear problems related with conductive type hearing loss. 
Eustachian tube-related problems may cause effusion and/
or pressure imbalance, revealed by a Type B tympanogram. 
Overgrowth of soft tissue and bony structures in epiphar-
ynx and eustachian tube has been depicted as causes of eus-
tachian tube obstruction, leading to middle ear dysfunction 
in acromegaly [14]. Additionally, all cases with conductive 

Table 2  Auditory findings of the three groups

Data were expressed as median and IQR

PTA pure tone audiometry, SD speech discrimination, IAC internal acoustic canal

Bold indicate statistically significant p values

Uncontrolled Acromegaly (n = 22) Controlled Acromegaly (n = 19) Control Group (n = 24) p

PTA (dB)

Right 24 (16.5–30) 20 (13–30) 13 (12–15) <0.001*

Left 25 (15–30.8) 15 (13–25) 13 (12–15) 0.001*

Bone conduction (dB)

Right 16.5 (10–25) 15 (10–20) 13 (12–15) 0.6

Left 17.5 (10–25) 13 (10–20) 13 (12–15) 0.5

SD score (%)

Right 92 (84–96) 92 (88–96) 96 (92–96) 0.01*

Left 92 (84–96) 92 (84–96) 96 (92–96) 0.01*

IAC-length (mm)

Right 4.5 (4.2–5.3) 4.5 (4.1–5.2) 4.9 (4.4–6.2) 0.1

Left 4.5 (3.9–5.4) 4.7 (4.3–5.3) 5.2 (5–7) 0.03

Table 3  Comparison of auditory findings between cases with uncon-
trolled and controlled acromegaly

Data were expressed as median and IQR

PTA pure tone audiometry, SD speech discrimination, IAC internal 
acoustic canal, SR stapedius reflex

Uncontrolled 
Acromegaly 
(n = 22)

Controlled Acro-
megaly (n = 19)

p

SR-present (n, %)

 Right 5 (23) 5 (26) 0.8

 Left 6 (27) 8 (42) 0.3

Hearing loss type (n, %) 0.7

 Sensorineural 4 (18) 3 (16)

 Conductive 4 (18) 2 (11)

Tympanometry (n, %)

 Right 0.4

  A 18 (82) 17 (89)

  B 3 (14) 2 (11)

  C 1 (4) 0 (0)

 Left 0.2

  A 20 (91) 17 (89)

  B 2 (9) 2 (11)
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type hearing loss had abnormal SAR, i.e., impaired con-
traction of stapedius muscle in the middle ear. Effects of 
acromegaly on soft tissues and muscle fibers have long 
been known and may also contribute to middle ear func-
tions [1, 21–23]. Dysfunction of stapedius muscle may be 
another factor in the middle ear problems and conductive 
type hearing loss in acromegaly. On the other hand, only 
3 cases (7%) had both impaired SAR and OAE, showing 
fixation problems of ossicles. Therefore, in line with what 
Borijov et al. [15] have found, in our study impaired ossic-
ular fixation was not one of the major middle ear patholo-
gies in cases with acromegaly.

In this study 22 (54%) of the acromegaly cases with-
out conductive hearing loss had normal OAE test results 
despite having impaired SAR. These results indicate sen-
sorioneural problems, related with impaired functions of 
nerves or more central structures, which subsequently dis-
tort stapedius muscle function. However, of all cases with 
acromegaly only 17% had sensorioneural type hearing loss, 
which suggests that insidious and asymptomatic sensori-
oneural abnormalities may be present in acromegaly long 
before hearing loss. Additionally, in the presented study 
cases with acromegaly had narrower IAC than the controls. 
Narrow IAC may contribute to sensorineural hearing loss 
in acromegaly by compressing the nerves passing through 
it. Zatonski et al. [13] have found no changes in tempo-
ral bone related with internal and median ear structures. 
However, there is not sufficient data on the issue and nar-
row canal may still be the result of temporal bone-related 
changes in acromegaly. Additional studies are necessary 
to evaluate temporal bone and ear structures in cases with 
acromegaly.

Interestingly, cases with acromegaly had lower SD scores 
than the controls. This may be the result of decreased hear-
ing in acromegaly since SD scores were strongly and nega-
tively correlated with PTA values. As PTA values increased, 
SD scores decreased in cases with acromegaly. This means 
that with hearing impairment speech discrimination may 
also be deteriorated in acromegaly. Although the scores 
were not low enough to have a clinical significance, we 
think that subtle changes should still be considered.

In conclusion, there may be subtle changes in the audi-
tory system in cases with acromegaly and if not given atten-
tion they may go unrecognised. The changes in the auditory 
system may be multifactorial causing both conductive and 
sensorioneural defects.
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