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Evaluation of hearing loss in juvenile insulin depedent patients
with diabetes mellitus
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Abstract

BACKGROUND: Diabetes mellitus is one of the most importantiepiics of our era. Complications of this disease ar
diverse and include retinopathy, nephropathy andapathy. This study has been designed to evahedeng loss
patterns in young children suffering from IDDM amheffine risk factors for this complication.

METHODS: This descriptive analytic study includes 200 yaitags divided into two groups: 100 patients in diab
group and 100 healthy individual in control grolifearing thresholds are determined in 250, 500, 12000, 4000
and 8000 Hz and metabolic controls are evaluateavasage of one year HbA1C, dividing diabetic gringo well
control and poor control subgroups.

RESULTS: Twenty one out of 100 patients in diabetic grobpveed significant hearing loss. Hearing loss igelated
with metabolic control, showing less loss in patsewith HbA1C less than 7.5%. Results showed tlearihg loss is
not related to sex of patients but duration of asse(more or less than 5 years) affects degreeasfriy loss in some
frequencies.

CONCLUSIONS: Hearing loss in children suffering from IDDM isrs®rineural, bilateral and symmetrical and is sslat

to the duration of disease and state of metabolitrol (HbAL1C).
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iabetes mellitus is believed to be a
Dchronic metabolic disorder. Its charac-
teristics are hyperglycemia and nu-
merous abnormalities in metabolism of fat and
protein. Its association with a number of mi-
crovascular complications has been known for
long, most commonly affecting eyes and kid-
neys. Neuropathy, involving somatic and au-
tonomic nerve fibers is one of the many micro-
vascular complications of diabetes mellitus.
An association between maternally inhe-
rited type of diabetes mellitus in Wolfram syn-
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drome and congenital severe hearing impair-
ment has been established.! Apart from this
association, the relationship of hearing loss
and type 1 diabetes mellitus has been debated
following a case report of hearing loss and in-
cipient diabetic coma by Jordao, dating back to
almost 150 years ago.2 Previous studies have
been inconclusive regarding presence, patterns
and severity of hearing loss in diabetic patients
and its relationship to metabolic control. Some
of the earlier studies have documented bilater-
al sensorineural hearing loss in high and mid
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Hearing loss in type 1 diabetes mellitus

frequencies in this patient group.3-¢

It has been postulated that diabetes mellitus
is associated with progressive bilateral high
tone sensorineural hearing loss starting at an
earlier age than the normal population, but
eventually the general population catches up;
meaning that by the age of 60, they cannot be
easily differentiated.” Good control of diabetes
mellitus should supposedly be associated with
slower progression of hearing impairment.

Majority of studies regarding effects of di-
abetes mellitus on sensorineural hearing loss
have included adult patients suffering from
type 2 diabetes mellitus. Up to now, few stu-
dies have documented significant hearing loss
in juvenile patients suffering from type 1 di-
abetes mellitus, especially in children with rel-
atively short duration of the disorder.

Because the hearing impairment has ad-
verse consequences on educational attain-
ments, a protocol for screening of auditory
thresholds in children suffering from type 1
diabetes mellitus should be sculptured. This
study tries to take the first few steps on the
path towards reaching this goal.

Methods

This article is a descriptive analytic research
carried out as a case-control study during
years 2007 and 2008 in Isfahan University of
Medical Sciences, School of Medicine.

The study included 100 children and ado-
lescents from 5 to 18 years old with type 1 di-
abetes mellitus referred to the Isfahan Diabetes
Research Center. Diabetes mellitus was diag-
nosed according to definition of ADA 2003.8

Sampling was carried out using consecutive
method. One hundred patients were selected
as diabetic group. Another 100 healthy school
children, matching the diabetic group regard-
ing their sex and age served as control group.
Fully informed written consents were filled out
by participants' guardians.

Patients with positive family history of deaf-
ness, past history of head trauma associated
with loss of consciousness, complicated otitis
media, ear surgery or prior administration of
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ototoxic medications were excluded from the
study.

Patients in diabetic group were on a mix-
ture of short acting and intermediate acting
insulin given twice a day. Recorded data in-
cluded sex, age, insulin dosage and duration of
diabetes. Their hemoglobin A1C (HbA1C) con-
centration was recorded too.

In diabetic group, HbAlc concentration was
measured four times a year and the average of
the readings was used to evaluate the glycemic
control. Patients were categorized as well con-
trolled (HbA1C < 7.5%) and poor controlled
(HbA1C 27.5%).9

Hearing thresholds were assessed by pure
tone audiometric test. Bone and air conduc-
tions thresholds were both tested at frequen-
cies between 250-4000 Hz and 250-8000 Hz,
respectively. The mean of air conduction thre-
sholds of both ears at each frequency was rec-
orded as hearing threshold of the subject.
Hearing loss was defined as a hearing thre-
shold higher than 25 dB.

Mann-Whitney U test was used to compare
hearing threshold between diabetic and control
groups and between well controlled and poor
controlled subgroups within diabetic group. P
values < 0.05 were considered as statistically
significant.

Results

A total of 200 subjects were studied (case =
100; male/female: 48/52; control = 100;
male/female: 48/52). Age range was 5-18 years
(1219 £ 3.1).

No patients in diabetic group showed evidence
of retinopathy or nephropathy.

None of the children in case or control
group demonstrated conductive hearing loss
therefore mean air conduction threshold of
both ears at each frequency was used in the
analysis.

Means of auditory thresholds of diabetic
patients were higher than that of control
group, and the differences were assumed clini-
cally significant in all frequencies (from 250 to
8000 Hz) (p < 0.05) (Table 1).
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Table 1. Comparison of hearing thresholds in dB between case and control groups.
Data is presented as mean * SD

250 Hz 500 Hz 1000 Hz 2000 Hz 4000 Hz 8000 Hz
Diabetic Group 18.75+7.23 16.3+x7.51 16.53+8.10 1595+7.5IM55+7.96 22.25+8.26
Control Group 10.6 459 8.15+427 8.75%+3.13 .01%*3.26 9.05%+4.35 9.45+478

* P =0.000 for all frequencies

Twenty one patients (21%) showed signifi-
cant hearing loss with auditory threshold over
25 dB in at least one frequency. Hearing im-
pairment in these patients was symmetrical,
sensorineural in nature and affected all fre-
quencies. Quantifying the degree of hearing
impairment, 8 out of 21 patients (38.1%) had
mild hearing loss (ranging from 25 to 40 dB),
11 patients (52.38%) had moderate hearing loss
(range: 41-65 dB), 2 patients (9.52%) suffered
from severe hearing loss (66-90 dB), and no
patient showed profound hearing loss above
90 dB.

Auditory thresholds were comparable be-
tween male and female patients and there were
no statistical significance difference between
them (p > 0.05).

Hearing thresholds over different frequen-
cies were significantly higher in diabetic pa-
tients with history of diabetes more than five
years compared to those with shorter dura-
tions (Table 2).

Furthermore, auditory threshold was in
positive correlation with the average yearly
HbA1C concentration at 250, 500, 1000 and
4000 Hz frequencies (p < 0.05). Detailed data re-
garding this correlation are depicted in table 3.

Discussion

Although hearing loss has been observed in
patients with diabetes mellitus for a long time,
no cause and effect relationship has ever been

proved. Most of the studies which have ad-
dressed the association have been conducted in
adults, screening both type 1 and 2 diabetics.
These reports have established significant
hearing impairment in patients with either
type of diabetes, demonstrating it to be more
prevalent in type 2 diabetic patients, and re-
lated to microvascular complications and
age‘6,10,11

Although there is no consensus among re-
searchers regarding the exact etiology of hear-
ing loss in diabetic patients, a large body of
evidence is accumulating in favor of a strong
relationship between poor glycemic control
and hearing loss.!

Histologically, demyelination of eighth
cranial nerve, loss of ganglion cells and hair
cells of organ of corti, central auditory path-
way degeneration, thickening of endothelial
vessel walls of vasa nervorum and stria vascu-
laris have all been documented in diabetic
cochleae.12-16

Among the reviewed articles, only Ferrer et
al 17 reported higher auditory thresholds in
over all frequencies from 250 to 8000 in juve-
nile patients suffering from type 1 diabetes
mellitus  when compared to healthy
youngsters. Another study on children with
IDDM in Sudan showed that 33% of children
with IDDM had significant hearing impair-
ment demonstrated by thresholds over 25 dB
in at least one frequency.* In a recent study, 40

Table 2. Means of auditory thresholds compared between two subgroups of diabetic patients
based on duration of diabetes (< 5 years versus 2 5 year) over different frequencies.
Data is presented as mean * SD

250 Hz 500 Hz 1000 Hz 2000 Hz 4000 Hz 8000 Hz
<5years 17.53+£8.32 1541+8.12 1541+7.81.9348.15 18.22+8.64 20.82 £9.28
>5 years 22.04+£884 18.7+862 18.89+8.37 ¥B710 23.15+9.16 26.11+10.34
P value 0.018 0.105 0.018 0.033 0.061 0.090

JRMS/ February 2011; Vol 16, No 2. 181



Hearing loss in type 1 diabetes mellitus Okhovat et al

Table 3. Means of hearing thresholds compared according to metabolic control

250 Hz 500 Hz 1000 Hz 2000 Hz 4000 Hz 8000 Hz
Well controk 13.86 +6.68 11.59+6.20 12.27+591 12.2786.33.18+6.53 159+6.85
Poor controf* 157+743 13.75+6.88 13.75+7.16 13.39%26.9%45+7.32 189=+7.71
P value 0.006 0.010 0.000 0.058 0.013 0.096

* Well Control: average annual HbALC less than 7.5%

** Poor Control: average annual HbA:@.5%

IDDM patients (children and adults) were
compared to 20 individuals in diabetic group.
Tinnitus and hearing loss were the most preva-
lent symptoms. Mild high tone sensorineural
hearing loss was observed in 4 of 40 diabetic
patients. Hearing loss was shown to be bilater-
al and symmetric and no speech discrimina-
tion abnormality was evident. Hearing loss
was more frequent with increased age, in-
creased duration of disease beyond 11 years
and high HbA1C concentration.’

On contrast, studies by Parving et al,'8 Sieger
et al’ and Osterhammel et al?® could not dem-
onstrate any negative effect of diabetes mellitus
on hearing thresholds. However, many recent
clinical trials have been able to show absence of
otoacoustic emissions and abnormal ABR in
diabetics with no overt hypoacusia and normal
pure tone audiometric results.21.22

The significant correlation between HbA1C
concentration and auditory thresholds in the
presented cohort and some other studies,*5
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demonstrates that inadequate control of gly-
cemic state can be a crucial factor for develop-
ment of hearing impairment in patients with
type 1 diabetes.

Possibly due to short duration of disease
and the young age of patients, no complica-
tions of diabetes such as nephropathy or reti-
nopathy were observed in the current study; so
it was impossible to evaluate the correlation
between diabetic endorgan complications and
hearing loss.

Conclusions

Asymptomatic hearing loss is a relatively
common finding in children with IDDM. Hear-
ing loss pattern in this disease is bilateral, sen-
sorineural in nature and symmetrical, affecting
all frequencies. Severity of hearing loss is not
related with sex of children but shows a posi-
tive correlation with duration of disease and
glycemic control reflected by HbA1C concen-
trations.
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