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Abstract

Background: Diabetes Mellitus has been regarded as a cause of 
hearing loss for many years. This study was designed to analyze 
the effect on the inner ear affection by diabetes mellitus in children.

Methods: Thirty type I diabetic and thirty non-diabetic children 
with ages ranging from 7 to 12 years old, perfectly paired regarding 
sex, age, cultural and social-economic status, were evaluated by 
pure tone audiometry, speech audiometry, high frequency audiom-
etry and distortion product otoacoustic emissions (DPOAE).

Results: Diabetic children exhibited slightly elevated thresholds in 
pure tone audiometry at 250, 2,000, 3,000, 4,000, 6,000 and 8,000 
Hz frequencies. No statistical difference was found between results 
of speech discrimination, high frequency audiometry or DPOAE.

Conclusions: Diabetic children hear slightly less than non-diabetic 
children, and this does not seem to be related to impaired function 
of outer hair cells.
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Introduction

Since the nineteenth century, Diabetes Mellitus has been re-
garded as a cause of hearing loss [1]. Pathological investiga-
tions indicate the cochlea as the major lesion site, the stria 
vascularis being the most damaged structure [2, 3]. Several 
authors [4-9] stated that diabetic individuals present hearing 
loss, or higher audiometric thresholds, particularly in high 
frequencies, more often than the general population. Most 
studies include patients over 45 in their population, and it is 
difficult to define whether hearing loss is due to presbycusis 
or not. This makes hearing impairment prevalence in these 
researches quite variable. Deviations in diabetic as well as 
in the control group increase the complexity of the prob-
lem. On the other hand, studies with lower age groups have 
demonstrated absence of audiometric alterations in Bekesy 
audiometry [10] as well as in speech and pure tone audi-
ometry [11, 12], suggesting that younger diabetic individu-
als do not present hearing impairment. Despite the normal 
hearing sensitivity, their auditory system doesn’t seem free 
from damage: otoacoustic emissions with lower amplitudes 
[13-15] and increase in wave latencies at auditory brainstem 
responses [12, 14, 15] have been described. 

Curiously, some authors [16, 17] verified the occur-
rence of frequent alterations in the glycemic and insulinemic 
curves in patients with cochleovestibular symptoms and au-
diometric abnormalities. Carbohydrate metabolism distur-
bances, hyperglycemia as well as hypoglycemia and hyper-
insulinism, defined as Kraft’s criteria [18] may be associated 
to such symptoms even in young patients. This study was 
designed to analyze the effect on the inner ear involvement 
by diabetes mellitus in children.

 
Materials and Methods

This research was carried out at the Department of Otorhi-
nolaryngology and Head-Neck Surgery of the Federal Uni-
versity of Sao Paulo, with the collaboration of the division of 
Pediatric Endocrinology at the same institution. This study 
was approved by the Ethical Committee of the Federal Uni-
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versity of Sao Paulo, number 1153/00.
Thirty children ranging from 7 to 12 years old with type 

I Diabetes Mellitus were referred from the Diabetes ward of 
the Hospital Sao Paulo. Thirty non-diabetic children referred 
by pediatricians from the same hospital were considered the 
control group, pairing both groups according to sex, age, cul-
tural and social-economic status. 

Considered as inclusion factors were: normal otoscopy 
and tympanometry and presence of bilateral acoustic reflex-
es. Exclusion factors were: other metabolic or systemic dis-
eases which could lead to hearing impairment; previous use 
of ototoxic drugs; acoustic, ear or cranio-encephalic trauma; 
perinatal events which could lead to hearing impairment; 
meningitis or encephalitis; ear surgery, familiar history of 
genetic deafness; middle ear chronic infection; history of 
multiple middle ear infections or more than four episodes of 
otitis media since birth to the date of the evaluation for this 
research.

The average age was 10 ± 1.5 years in each group, with 
16 female and 14 male individuals in each group. The mean 
duration of diabetes was 20.3 ± 15.37 months. In the diabetic 
group, five children presented complaints suggestive of hear-
ing impairment. In the non-diabetic group, eight children 
were suspected of having hearing impairment. 

In order to avoid fatigue interference the evaluation was 
divided in 2 sessions. In the first, which took place in the 
morning, a clinical history was obtained, followed by physi-
cal examination, immittance measurements, and pure tone 
and speech audiometry. In the second, in the afternoon, 2 to 
10 days after the first session, they were submitted to high 
frequency audiometry (HFA) and distortion product oto-
acoustic emissions (DPOAE).

Pure tone and speech audiometry were performed in a 

sound treated booth, with a two-channel Amplaid 455 au-
diometer. Thresholds were established at 250, 500, 1,000, 
2,000, 3,000, 4,000, 6,000 and 8,000 Hz frequencies. Word 
recognition score (WRS) was also assessed in each ear. The 
equipment for the immittance tests consisted of a Siemens 
SD 300 automatic immittance meter with Telephonics TDH 
39P earphones.

High frequency audiometry was performed in a sound 
treated room, with a Kamplex-AS 10 HF audiometer and 
Koss HV/PRO digital phones. Air conduction thresholds 
were measured in dB HL with pure tone frequencies of 8 to 
18 KHz.

DPOAE was analyzed in an acoustically treated room, 
with a GSI60 Grason-Stadler equipment, following the Dar-
mouth Hitchcock Medical Center (DHMC) protocol (in-
cluded in the device manual), which uses two pure tones as 
stimuli, both of 70 dB NPS intensity and 1.2 f2/f1 frequency 
ratio. For analysis, distortion product amplitude was used at 
a geometric mean of f1 and f2, which were 531, 687, 843, 
1,093, 1,375, 1,750, 2,187, 2,781, 3,500, 4,375 and 5,500 
Hz. Anova test was employed with a 0.05 (5%) cut-off sig-
nificance level.

 
Results

In audiometry, significant effects were group and sound fre-
quency (F < 0.001 significance). Ear laterality was not signif-
icant, so both ears were grouped. Diabetic children presented 
significantly greater thresholds at 250, 500, 2,000, 3,000, 
4,000, 6,000, and 8,000 Hz frequencies (Fig. 1).

There was no statistically significant difference between 
both groups in speech audiometry (F = 0.1183), high fre-

Figure 1. Pure tone audiometry means and standard deviations of each frequency threshold in diabetic 
and non-diabetic children.
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quency audiometry (F = 0.5348) and otoacoustic emissions 
(F = 0.6527). The diabetic group presented slightly worse 
WRS results in the left ear (97.60 ± 3.73%) as opposed to the 
non-diabetic (99.07 ± 2.50%). However, the difference is not 
statistically significant.

Discussion
  
The absence of alterations in pure tone and speech audiom-
etry has been the most common finding in diabetic children 
and teenagers [11, 12], although threshold raise has been de-
scribed at 6 and 8 KHz frequencies, reported to be due to 
microvascular complications [19]. 

In this study most children presented thresholds within 
normal ranges but the group comparison revealed that hear-
ing thresholds in diabetic children were more elevated than 
in non-diabetic one. Other clinical trials have been able to 
show means of auditory thresholds of diabetic patients high-
er than those of control group in all frequencies [20, 21]. The 
fact that this difference is slight could explain why hearing 
symptoms are not usually valued or stated. Some diabetic 
children presented abnormal audiometry results, which did 
not appear in the non-diabetic group, but no audiometric pat-
tern was depicted for all cases. Thresholds were raised either 
in low or high frequencies, sometimes in both. The last is an 
inverted U curve. This type of curve has been attributed to 
metabolic disturbances, especially hypoglycemia and hyper-
insulinism [22]. This elevation in the audiometric thresholds 
may have occured due to periods of hypoglycemia and hy-
persinsulinism. Both reduce the function of sodium and po-
tassium pumps in the inner ear, rise sodium concentration in 
the endolymph and alterate fluid dynamics of cochlear fluid 
with subsequent endolymphatic hydrops [16]. Therefore, this 
threshold increase may be transient. Another possible expla-
nation is the reduction of outer hair cells activity associated 
to the production of free radicals in diabetes, especially in 
those cases with greater impairment at 6 and/or 8 kHz fre-
quencies. As diabetes progresses, either the stria vascularis 
capillary wall thickens or there is hair cell and spiral ganglia 
loss [2, 23].

The outcome of pure tone audiometry did not follow the 
results of high frequency audiometry. Previous studies with 
high frequency audiometry in adults with juvenile diabetes 
revealed no statistical difference, although thresholds of 
diabetics were higher [24]. One possible explanation could 
be the great variability of responses, which occurs even in 
normal individuals, making the comparisons between groups 
difficult, particularly in studies with small samples. High fre-
quency audiometry has been proposed in early diagnosis of 
cochlear disorders as noise-induced hearing loss and ototox-
icity and can be useful for monitoring hearing changes in the 
evolution of the diabetes, focusing patients with diminished 
kidney function.

Regarding speech discrimination, other studies with dia-
betic individuals did not reveal abnormalities [11, 24, 25]. In 
this study, diabetic children presented a tendency to lower 
values of WRS, but the difference was not statistically sig-
nificant. Similar results had already been reported [26] and 
according to them, diabetic individuals present discrete al-
terations in speech discrimination and in audiometry with 
distorted speech, both suggesting retrocochlear lesion. 

In Diabetes Mellitus, the impairment of outer hair cells 
is not yet well established [23, 27]. The amplitude reduction 
in otoacoustic emissions observed in diabetic individuals has 
been attributed to pathological alterations in the inner ear, 
especially reduction in number of outer hair cells, even with-
out hearing impairment [13] and has also been explained by 
metabolic complications, such as non-enzymatic glicosila-
tion, which could lead to outer hair cell malfunction [14]. 
In the DPOAE results encountered in this study, the absence 
of amplitude reduction in the diabetic group may have hap-
pened because of the inner ear preservation or because the 
audiometric thresholds were not high enough to appear in 
the DPgram. Besides, considering the possibility of a thresh-
old increase in audiometry being a result of endolymphat-
ic hydrops, in which outer hair cells are not the first to be 
impaired, the otoacoustic emissions would not be reduced, 
since normal or almost normal amplitudes of otoacoustic 
emissions were observed in patients with Meniere’s disease 
and thresholds up to 50dB NA [28, 29].

This study suggest that diabetic children have the thresh-
old of hearing a little higher than children without diabetes, 
and it does not seem to be related to dysfunction of outer 
hair cells.
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