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ABSTRACT

Background: The objective of the study was to assess the hearing impairment in patients of hypothyroidism.
Methods: A prospective clinical study has done at a referral centre included 33 diagnosed patients of hypothyroidism
in the age group of 15 to 65 years, fulfilling the inclusion and exclusion criteria who attended the outpatient
department. The diagnosis of hypothyroidism was confirmed by thyroid function tests i.e., serum T3, T4 and TSH
levels while hearing assessment was done using tuning fork tests, pure tone audiometry, impedance audiometry and
otoacoustic emissions. Hearing impairment was measured in decibels of hearing loss, or dB HL and graded as mild,
moderate, moderately severe, severe, or profound.

Results: Percutaneous transluminal angioplasty showed 42.7% of the patients had high frequency sensorineural type
of hearing loss. The air bone gap was not significant. On tympanometry, all the patients had type A graph and
distortion product otoacoustic emissionss in all patients were pass.

Conclusions: Acquired hypothyroidism affects primarily high frequency hearing thresholds causing high frequency
sensorineural hearing loss, with little or no effect on lower frequencies.

Keywords: Audiometry, Hearing impairment, Hypothyroidism, Impedance, Thyroid gland

INTRODUCTION

The thyroid gland is the primary endocrine regulator of
the body. It produces two related hormones, thyroxine
(T4) and triiodothyronine (T3) which act through thyroid
hormone receptors alpha and beta and play a critical role
in cell differentiation during development or growth of
the body, central nervous system maturation and help to

maintain thermogenic and metabolic homeostasis in the
body.%? Auditory function is particularly sensitive to the
effects of the thyroid hormone, which is required for the
complex development of auditory system and physiology
of the cochlea.®” An association has long been
recognized between thyroid hormone levels and hearing
development in patients with congenital hypothyroidism
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(CH), endemic cretinism and thyroid hormone
resistance.®10

Autoimmune disorders of the thyroid gland can stimulate
the excessive production of thyroid hormones
(thyrotoxicosis) or cause glandular destruction and
hormone deficiency (hypothyroidism). Normal serum
value range of T3 is 77-135 ng/dl, T4 is 5.4-11.7 pg/dl
and TSH 0.34-4.25 microlU/ml.t* Hypothyroidism refers
to a decrease in thyroid function due to structural or
functional damage to the thyroid gland (thyroprivic,
primary hypothyroidism), due to pituitary (secondary
hypothyroidism) or due to hypothalamus (tertiary
hypothyroidism). Values of T3 and T4 decreases in all of
them but TSH is elevated only in primary
hypothyroidism. It is low or absent in secondary or
tertiary hypothyroidism. The latter two categories are
differentiated by TSH response to TRH, being low in
secondary and normal in tertiary hypothyroidism.

Based on age factor different terms for Hypothyroidism
are described i.e. cretinism refers to severe
hypothyroidism in infancy; juvenile hypothyroidism
refers to hypothyroidism in childhood; myxoedema is the
full-blown picture of frank hypothyroidism in adults.
Primary idiopathic hypothyroidism is the most common
cause of thyroid failure in adults. The reason is unknown
and is believed to represent the end stage of autoimmune
thyroiditis.!*

The impairment in hearing in patients suffering from
goiter was first described by Bircher and was later
confirmed by the Myxoedema Committee of Clinical
Society of London.*? Hypothyroidism is a cause of
hearing impairment worldwide, probably accounting for
at least 50000 hearing-impaired infants born each year.*3
The problem is particularly prevalent in those parts of the
world where endemic goiter is common, as the use of
iodized salt can prevent deafness due to hypothyroidism.
In 1974, Ritter stressed that hearing loss can be the most
common otological manifestation of congenital and
acquired hypothyroidism and the auditory symptoms may
occur alone or in association with vertigo and tinnitus.'*
The real incidence of hearing loss in patients with
Hypothyroidism is still uncertain, and it may affect up to
25% of the patients with acquired hypothyroidism and
35-50% of the patients with congenital hypothyroidism.
Thyroid hormones control synthesis and production of
protein, myelin, enzymes and lipids in the CNS.
Moreover T4 can act as a neurotransmitter. The
pathophysiological mechanisms of hearing loss in
Hypothyroidism is not entirely known but it is said that
there is a reduction in cell energy production,
compromising the microcirculation and consequently,
oxygenation and metabolism of the involved organs
including stria vascularis and organ of Corti.!>® Thus it is
believed that hearing impairment in hypothyroidism
maybe because of malfunction in the cochlea, in the
central auditory pathways and/or in the retrocochlear
region.t’

Hypothyroidism is associated with all types of deafness:
sensorineural, mixed and conductive, however, the real
incidence and pathophysiology of this hearing loss in
these patients is still uncertain. Moreover, the results of
the audiological evaluation of patients with
hypothyroidism under treatment with L-Thyroxine (LT)
are conflicting. There are studies which have highlighted
the importance of this modality of treatment resulting in
improved hearing in hypothyroid patients, however there
are few which have found no correlation between the
two.1®2> The results of hearing impairment in patients
with hypothyroidism are conflicting, making it necessary
to broaden the study in this line of research.?6-3! Thus the
goal of the present study was to assess the hearing
impairment in patients of hypothyroidism.

METHODS

A prospective observational study was done at Dr.
Rajendra Prasad government Medical College, Kangra at
Tanda (H.P.) from December 2012 to December 2013
included 33 diagnosed patients of hypothyroidism in the
age group of 15 to 65 years of either sex while the
patients with hereditary, noise or ototoxic drug induced
hearing loss, purely conductive hearing loss, with
previous ear surgery were excluded from the study.

A written informed consent was obtained from all
patients before the study and Institutional ethics
committee clearance was obtained for the same.

The diagnosis of hypothyroidism was confirmed by
thyroid function tests which included serum T3, T4 and
TSH. Those patients were included in the study who had
the values as: T3<77 (normal 77-135 ng/dl) and/or;
T4<5.4 ng/dl (normal 5.4-11.7 pg/dl) and/or; TSH>4.25
micro 1U (normal 0.34-4.25).

After detailed ear, nose, and throat examination, hearing
assessment was done by: tuning fork tests, pure tone
audiometry, impedance audiometry, and otoacoustic
emissions. Tuning fork tests (Rinne and Weber) were
done using 256 Hz, 512 Hz and 1024 Hz tuning forks and
the results were recorded. ALPS advanced digital
audiometer AD2100 was wused for percutaneous
transluminal angioplasty (PTA) and hearing impairment
was measured in decibels of hearing loss, or dB HL and
graded as mild, moderate, moderately severe, severe or
profound as defined below:2

Mild: for adults between 26-40 dB HL and between 20-
40 dB HL for children; Moderate: between 41-54 dB HL;
Moderately severe: between 55-70 dB HL; Severe:
between 71-90 dB HL; Profound: >90 dB HL; Deaf:
Having no hearing at all.

Impedance audiometer AT235 was used for performing
tympanometry. Tympanometry was performed with the
patient seated in a soundproof room, and results were
recorded. It is based on the principle that when a sound
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strikes the tympanic membrane, some of the sound
energy is absorbed while the rest is reflected. A stiffer
tympanic membrane would reflect more of sound energy
than a compliant one. By changing pressure in the
external auditory canal and then measuring the reflected
sound energy, it is possible to find the compliance or
stiffness of the tympano-ossicular system and thus find
the diseased status of the middle ear.

Types of tympanograms

e  Type A- normal tympanogram.

o Type As- compliance is lower at or near ambient air
pressures, seen in fixation of ossicles.

e Type Ad- high compliance at or near ambient
pressure; seen in ossicular discontinuity or thin and
lax tympanic membrane.

e Type B- a flat or dome-shaped graph; seen in fluid
collection in middle ear.

e Type C- maximum compliance occurs with negative
pressure below 100 mm of H,O, seen in retracted
tympanic membrane.

Otoacoustic emission test (OAE) was done in all patients
seated in a soundproof room, and results recorded as pass
or refer. OAEs are acoustic signals emitted from the
cochlea through the middle ear and into the external ear
canal, where they are recorded by a sensitive microphone.
OAEs are most probably generated by active mechanical
contraction of the outer hair cells, spontaneously or in
response to sound. There are four types of OAEs:
spontaneous OAEs (SOAE), transient evoked OAEs
(TOAE), distortion product OAEs (DPOAE), and
stimulus frequency OAEs (SFOAE). Because of the low
level of OAEs and the presence of other sounds in the ear
canal, measures must be taken to secure reliable
recordings.

RESULTS

In our study all patients ranged from 15-65 years of age
with minimum age of 17 years and maximum 65 years
with mean age 36.7 years. All of the 33 patients had high
TSH levels ranging from 7.5 to 66.6 with a mean of 25.7
(x19.5). T3 values of the patients ranged from 2 to 107.9
with mean value of 53.9 (£37.9), out of which 23 (69.7%)
of the patients had T3 level below normal while T3 level
was normal in 10 (30.3%) patients. T4 level was below
normal in 21 (63.6%) of the cases and normal in 12
(36.4%) of the cases.

PTA findings at 500, 1000, 2000, 4000 differ from those
at 8000 Hz as there was moderately severe hearing loss in
one patient at higher frequency whereas in others, there
was mild hearing loss (Table 1).

The hearing loss didn’t show much relationship with
decrease in amount of T4 values below normal in
frequency of 4000 Hz (Table 2).

Table 1: Pure tone audiometry at different frequency
(symmetrical for both ear).

T £ 2z 3823¢ =7
o 2 2 T82 T3 8=
= =z — 5 @ % ® —¢
3 s & ‘8 Z 3
= & <

500 31 2(6.1%) 0O 0 0 0

Hz (93.9%)

1000 32 13%) O 0 0 0

Hz (97%)

2000 31 13%) 1 0 0 0

Hz (93.9%) (3%)

4000 29 3(9.1%) 1 0 0 0

Hz (87.9%) (3%)

8000 18 14 0 1 0 0

Hz  (54.5%) (42.4%)

Table 2: Relationship of pure tone thresholds at 4000
Hz with serum levels of T4.

NG T4 Value _ |
Hearing Normal Below normal Total
Normal 12 17 29

Mild 1 2 3
Moderately severe 0 1 1

Total 13 20 33

The relation between PTA values at 8000 Hz shows as
the level of T4 value is more below normal, the hearing
loss is affected more (Table 3).

Table 3: Relationship of pure tone thresholds at 8000
Hz with serum levels of T4.

PTA (8 KHz T4 value I

Hearing Normal Below normal Total
Normal 7 11 18
Mild 6 8 14
Moderately severe 0 1 1
Total 13 20 33

Table 4: Relationship of pure tone thresholds at 4000
Hz with serum levels of T3.

PTA (4 KHz T3 value

Hearing Normal Below normal Total
Normal 9 20 29
Mild 1 2 3
Moderately severe 0 1 1
Total 10 23 33

Similarly T3 values didn’t affect 4000 Hz frequency
range (Table 4).
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However the effect on lower values of T3 hormone
affected the hearing thresholds at 8000 Hz (Table 5).

Table 5: Relationship of pure tone thresholds at 8000
Hz with serum levels of T3.

PTA (8 KHz T3 value

Hearing Normal Below normal Total
Normal 7 11 18
Mild 3 11 14
Moderately severe 0 1 1
Total 10 23 33

Otoacoustic emission: Distortion product otoacoustic
emissions were pass in all of the 33 patients.

Pure Tone audiometry (Right Ear)

27 54

2257

Mean

1754

T T T T
500 1000 2000 4000 8000

Frequency

Figure 1: The mean of intensities at the high
frequency ranges for the right ear show higher values
as compared to the low frequency ranges.

Pure Tone audiometry (Left Ear)

2757

17.59

T T T T T
500 1000 2000 4000 8000

Frequency

Figure 2: The plot formed between mean intensities at
different frequencies for the left ear shows that the
mean threshold of hearing increases as the frequency
increases in hypothyroid patients.

DISCUSSION

In the present study, 42.4% of the cases had mild hearing
loss in the frequency range of 4000 and 8000 Hz. All the
patients had normal hearing or minimal hearing loss in
the frequency range of 500Hz, 1000 Hz and 2000 Hz.
The medical literature quotes a hearing loss of 25% for
patients with acquired hypothyroidism and 35-50% for
congenital hypothyroidism.2:3%0

As we analysed the patients with changed audiometric
tests, we observed that all of them had TSH values
between 4 and 30 mUI/ml. Changed audiometric tests
were also seen in patients with proper free T4 levels.
Thus, the audiometric thresholds do not seem to be
associated with the serum levels of these hormones.
These findings correlate with the study done by
Khechinaschvili et al in 2007, in which by the PTA,
sensorineural hearing loss was detected in 74.0% of
cases.?®> The BTA revealed disturbances of temporal
summation of excitation in cochlear receptors in 26.0%
of inspected subjects. The data of the EOAE mostly
corresponded to those of the PTA. In some patients,
however, the PTA demonstrated normal thresholds, while
the EOAEs, as well as the BTA, indicated abnormalities.
The investigations have shown that the specific hormonal
therapy hardly improves either peripheral or central
hearing disorders associated with hypothyroidism.
However, in our study DPOAEs were normal in all the
patients.

Debruyne et al in 1983 also observed in their study that in
36 of their patients (80%), the auditory thresholds were
normal; in the remaining nine patients (20%) a
sensorineural hearing loss of different degrees was
detected.’® Thornton et al, in this study on auditory
brainstem response findings in hypothyroid and
hyperthyroid disease, found that the audiometric findings
for the hypothyroid group (21 patients) showed that 36%
of this group had a four frequency average threshold
greater than 25 dB.% In the present study also, 42.7% of
the patients had thresholds greater than 25 dB at 8000 Hz.

On the contrary, Vikas et al, found that nearly 48.83%
and 40.62% of the hypothyroid patients had a moderate
and mild degree of hearing impairment, respectively.?
He suggested that the conductive hearing impairment in
these patients may be the result of reduced compliance
due to hypertrophy and edema of the mucosal lining of
the Eustachian tube and middle ear and thickening of the
tympanic membrane.

Meyerhoff based on his experimental study reasoned out
that the conductive type of hearing loss may be due to
partial or complete obliteration of oval or round window
because of changes in ossicles and round or oval window,
crystallized consistency of bone, fusion or distortion of
incus and stapes.’
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But out of the patients with thyroxine treatment, only
0.06% showed mild conductive hearing loss whereas
99.94% were normal, which is also correlated well with
the findings of Anand et al, and Vikas et al, who reported
conductive hearing impairment in hypothyroidism with
improvement in air conduction after treatment.132

Similar findings were seen in the study by dos Santos et
al who found high audiometric thresholds in 22 ears
(36.67%) of the patients with hypothyroidism and in only
seven ears (11.67%) from patients of the control group
(p<0.05); there was a predominance of mild/moderate
sensorineural hearing loss in both groups.?*

Vanasse et al, in their study recorded brainstem auditory
evoked potentials in 15 adult hypothyroid patients
immediately before treatment.?®> All patients were
women, ranging in age from 34 to 82 years. Fourteen also
had an audiometric study. In five patients, both tests were
repeated 20 to 22 months after treatment. Audiometry
showed that hearing loss increased with age, suggesting
that hearing loss in these patients could be secondary
more to aging than to hypothyroidism. When compared
to sex-matched controls of similar ages, the patients
showed no statistically significant differences in
brainstem auditory evoked potentials before treatment.
Brainstem auditory evoked potential values were not
modified in the five patients whose tests were repeated
after treatment.

Our findings are in total agreement with those of Vant
Hoff, who reported an incidence of 85% of hearing
impairment in 48 myxedematous patients and
improvement in 73% after replacement therapy.'6

The results of our study are in contrast to those of
Parving et al'®?° They studied myxedema patients in two
groups where patients in group | were below 60 years of
age (median age 48 years), and those in group 11 were
above 60 years (median age 78 years). No association
was found between myxedema and hearing impairment
and no improvement in hearing acuity following
treatment in either of the groups. The discrepancy
between this and our study may be partially explained by
the older age of patients in Parving’s study when the
presbyacusis factor causes deterioration in hearing.

There are diverse views regarding improvement in
hearing in hypothyroid patients with thyroxine treatment.
Studies by Vant Hoff et al, Rubeinstein et al, Howarth AF
et al and Anand VT et al have reported an improvement
in hearing following thyroxine therapy.!6212830 On the
other hand, studies by Post et al, DeVos et al, and Parving
et al have not reported any significant improvement in
hearing post treatment with thyroxine. 51931

In our study, otoacoustic emissions were normal, and
children below 15 years of age were not taken in the
study. Moreover, further testing, including BERA was
not done to ascertain any retrocochlear pathology further.

CONCLUSION

Acquired hypothyroidism mainly affects high-frequency
hearing thresholds causing high-frequency sensorineural
hearing loss, with little or no effect on lower frequencies.
The hearing loss is not affected by the level of thyroid
hormone below normal.
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