
Ind ian  J  Phys io l  Pharmaco l  2006 ;  50  (4 ) :  341–349

* Corresponding Author : Phone No. :  9871754571; E-mail :  anjana_y@rediffmail .com

FUNCTIONAL STATUS OF AUDITORY PATHWAYS IN
HYPOTHYROIDISM : EVOKED POTENTIAL STUDY

YUMNAM ANJANA*, NEELAM VANEY, O. P. TANDON
AND S. V. MADHU**

Departments of  *Physiology and **Medicine,
University College Of Medical Sciences and G.T.B. Hospital,
Dilshad Garden, Delhi – 110 095

( Rece ived on July  25 ,  2006 )

Abstrac t  :  Hypo thyro id i sm i s  known to  be  as soc ia ted  wi th  men ta l
retardat ion,  motor  dysfunct ion,  memory def ic i ts  and hear ing impairment .
In  the  p resen t  s tudy ,  the  func t iona l  in teg r i ty  o f  the  tha lamocor t i ca l
projections to the primary auditory cortex and association cortex has been
assessed by using Auditory Evoked Responses i.e Auditory Brainstem (ABR),
Mid Latency Response (MLR) and Slow Vertex Response (SVR).  Thir ty
newly  d iagnosed  hypothyro id  pa t i en t s  and  th i r ty  hea l thy  con t ro l s  were
taken for the study and ABR, MLR and SVR were recorded on computerized
evoked potential recorder using 10–20 system of electrode placement. The
second recordings for the hypothyroid patients were done 3 months after
treatment with at tainment of euthyroid states.  The present study revealed
a sl ight  increase in absolute latency of wave III  of  ABR in hypothyroid
pa t i en t s  and  s ign i f i can t  dec rease  in  abso lu te  l a t ency  o f  wave  I I I  and
interpeak latency of I-III after treatment. There was a significant decrease
in amplitude of wave V in hypothyroid patients and significant increase in
ampl i tudes  o f  ABR wave  I  and  wave  V a f t e r  t r ea tment .  There  was  a
significant increase in latency of wave Na of MLR and wave P2 of SVR in
hypothyroid patients. The latencies of waves Na, Pa, Nb of MLR and waves
PI and N2 of SVR showed significant improvement with thyroid hormone
treatment .  The resul ts  of  the present  s tudy indicates  that  in  hypothyroid
state there might be slow conduction at  the periphery and with treatment
there is better recruitment of neuronal pool of the generators of the waves
of ABR in the brainstem. We can also conclude that  the thalamocort ical
p ro jec t ions  o f  the  aud i to ry  pa thways  a re  adverse ly  a f fec ted  in  the
hypothyroid  s ta te  and th is  improves  af ter  t rea tment .
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INTRODUCTION

Deafness  i s  the  mos t  common
otolaryngologica l  manifes ta t ions  associa ted

wi th  thyro id  dysfunc t ion .  Hypothyro id i sm,
both  congeni ta l  and  acqui red  has  been
associated with impaired hearing. It has been
est imated that  a  s ignif icant  hear ing loss  is
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found in 25% of adult  hypothyroid patients
(1) and in 35% to 50% of children affected by
cretinism (2, 3).

Kemp,  1907 was  the  f i r s t  to  document
these  symptoms in  myxoedema,  when  he
found  hear ing  impai rment  in  a  severe ly
hypothyro id  female  and  th i s  was  reversed
upon administering thyroid extract (4). Hilger
was  the  f i r s t  to  aud iomet r ica l ly  document
the  ex ten t  o f  hear ing  loss  in  acqui red
hypothyroidism (5).  The hearing impairment
may be conduct ive,  sensorineural  or  mixed
and benefit from thyroid therapy (6). It may
be caused in part by a general diminution in
cerebral activity; a myxoedematous infiltration
of the middle ear  has also been postulated
to explain loss of conduction. In about half
of the cases hearing improves when patient
is  t reated with thyroid extract  (7) .

Audi tory  Brains tem Response  (ABR) is
one  of  the  method  used  for  assess ing  the
ef fec t  o f  hypothyro id i sm on  the  audi to ry
pa thway in  the  b ra ins tem.  In  hypothyro id
s ta te ,  the re  has  no t  been  any  cons i s ten t
f ind ings  in  ABR among the  ava i lab le
l i t e ra tu re .  Some workers  repor ted
prolongation of  both peripheral  and central
conduc t ion  t ime  in  hypothyro id i sm whi le
some s tud ies  showed tha t  there  were  no
statistically significant differences in ABR in
hypothyroidism. The MLR and SVR represent
the  conduc t ion  in  the  cen t ra l  aud i to ry
pathways, from thalamus to auditory cortex.
Thus  in tegr i ty  o f  the  tha lamocor t ica l
projections, the primary auditory cortex and
association cortex can be assessed by using
Mid  La tency  Response  (MLR)  and  S low
Vertex Response (SVR). Very scant literature
is available on the status of these auditory
project ions to the cortex.

Hence the present study aims to evaluate
the  aud i to ry  sensory  process  in  the
brainstem, thalamocortical and cortical areas
in  hypothyro id  pa t ien t s  by  us ing  aud i to ry
evoked potentials (ABR, MLR, SVR) and the
effec t  of  t rea tment  on  these  parameters .

METHODS

The  s tudy  was  conduc ted  in  the
Electrophysiology Laboratory of Department
of Physiology, University College of Medical
Sciences,  Delhi.  The subjects were selected
from the Thyroid Clinic, GTB Hospital, Delhi.
Age  and  sex  matched  employees  and  pos t
graduate students of UCMS & GTB Hospital
were  t aken  as  con t ro l s  fo r  the  s tudy .
The  cont ro l s  have  no  h i s to ry  of  thyro id
disease or  any cl inical  evidence of  thyroid
dysfunct ion.

The  c lea rance  f rom the  Eth ica l
Committee of the College was obtained and
an informed written consent was taken from
all the subjects and healthy volunteers, after
the  record ing  procedure  was  exp la ined  to
t h e m .

The  s tudy  was  conduc ted  on  30  newly
diagnosed  hypothyro id  pa t ien t s ,  o f  bo th
sexes ,  wi th  mean age  of  32 .63±8.59  years
and  in  30  cont ro l s  wi th  mean  age  of
29 .73±6.87  years .  The  sub jec t s  were
diagnosed based on general history, clinical
examination and serum levels of fT3, fT4 and
T S H .

The  sub jec t s  were  ca tegor ized  in to  3
g roups :

Group I Heal thy  Cont ro ls
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Group I I Hypothyroid  pat ients

Group III Hypothyroid patients becoming
euthyroid following treatment.

Subjec t s  suf fe r ing  f rom any  hear ing
impairment,  systemic disease or any history
of drug abuse (nicotine, alcohol, opium etc),
p regnant  females  were  exc luded  f rom the
study group.

Al l  sub jec t s  and  con t ro l s  were  t es ted
under  s imi la r  l abora tory  condi t ions .  They
familiarized themselves to the experimental
and environmental conditions of the laboratory.
The recording for the controls was done once
while  that  of  the  hypothyroid pat ients  was
done twice ,  before  and af ter  t rea tment  for
3 months.  The second recording was taken
on a t ta inment  of  euthyroid  s ta te .

Recording  o f  audi tory  evoked  potent ia l s

The  evoked  po ten t ia l  (EP)  record ings
from the scalp of the subjects was done using
Nihon Kohden Neuropack µMEB 9100.  The
EP were recorded with Silver-Silver Chloride
disk electrodes from standard scalp locations
of  the  10–20  In te rna t iona l  Sys tem.  The
e lec t rodes  were  p laced  a t  Cz  (Act ive
electrode), FPz (Grounding electrode), A1 and
A2 (Reference electrode) after  cleaning the
scalp or skin site with alcohol followed by
Skinpure Skin preparation gel and EEG paste
Elef ix TM.  The  sk in  e lec t rode  con tac t
impedance was kept at less than 5 KΩ .  The
subjects were instructed to close their  eyes
to avoid blink art ifacts.

For recording ABR, 1000 click stimuli at
the rate  of  10 Hz with durat ion of  0.1 ms
were  de l ivered  a t  60  dB above  hear ing

threshold through shielded headphones with
–40 dB white noise masking the contralateral
ear. Signals were filtered with bandpass 100
Hz and 3 KHz and averaged to 1000 stimuli.
Peak  la tenc ies  of  a l l  the  waves ,  in te rpeak
la tenc ies  o f  I - I I I ,  I I I -V and  I -V and
amplitudes of wave I and V was determined
for  each  ear  separa te ly  wi th  the  he lp  o f
digital cursors. The amplitude was measured
as  the  maximum he igh t  o f  the  peak  f rom
the  succeeding t rough.

For recording MLR, 500 click stimuli at
the rate of 5 Hz with duration of 0.1 ms and
stimulus interval  of  100 ms were delivered
a t  60  dB above  hear ing  th reshold  th rough
shielded headphones with –40 dB white noise
masking the contralateral  ear .  Signals  were
filtered with bandpass 20 Hz and 1 KHz and
averaged to 500 stimuli.  The peak latencies
of No, Po, Na, Pa, Nb, and Pb waves were
recorded .

For recording SVR, 100 click stimuli at
the rate  of  0.5 Hz with durat ion of  0.1 ms
and  s t imulus  in te rva l  o f  100  ms  were
delivered at  60 dB above hearing threshold
through  sh ie lded  headphones  wi th  –40  dB
whi te  no ise  masking  the  cont ra la te ra l  ea r .
Signals were filtered with bandpass 1 Hz and
50 Hz and averaged to 100 stimuli. The peak
la tenc ies  o f  P1 ,  N1,  P2  and  N2 were
recorded .

Stat i s t i ca l  ana lys i s

The data  obta ined were  analyzed us ing
SPSS software. The average of left and right
ear were taken and analyzed. The statistical
analysis for the comparison between controls
and  hypothyro id  pa t ien t s  was  done  us ing
unpaired ‘t’ test. Paired ‘t’ test was used for
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compar ing  the  hypothyro id  pa t ien ts  before
and  a f te r  t rea tment .  Al l  t es t s  were  two
tai led.  Resul ts  are  expressed as  Mean±SD.

RESULTS

There  was  no  s ta t i s t i ca l ly  s ign i f ican t
d i f fe rence  in  the  abso lu te  peak  la tenc ies ,
in te rpeak  la tenc ies  o f  ABR in  Group  I
(controls) and Group II (hypothyroid patients)
as shown in Table I (Fig. 1). However, there
was significant decrease in amplitude of wave
V in  hypothyro id  pa t ien t s .  As  seen  f rom
Table  I I  a  s ignif icant  decrease  in  absolute
peak  la tency  of  wave  I I I  (P<0 .037)  was
observed  in  the  cases  a f te r  rep lacement
therapy. In the remaining waves II ,  IV and
V, a  decrease in la tencies  was seen in the
Group III  though s tat is t ical ly  insignif icant .
There was a significant decrease in absolute
In te r -Peak  La tency  I - I I I  (P<0 .022)  in
hypothyro id  pa t ien t s  a f te r  rep lacement
therapy ,  though  the  remain ing  in te r -peak
la tencies  d id  not  show s igni f icant  changes
(Table  I I ) .  The  ampl i tude  of  wave  V was
s ign i f ican t ly  (P=0 .096)  decreased  in
hypothyroid patients (Group II) (Table I). A
significant increase in amplitudes of wave I
(P<0.009)  and  wave  V (P<0.009)  were
observed af ter  t reatment  (Table  I I ) .

There  was  a  s ign i f ican t  inc rease
(P<0.043) in latency of wave Na of MLR in
hypothyro id  pa t ien t s  as  compared  wi th
controls,  while the remaining waves Pa and
Nb showed pro longed  la tenc ies  though
statistically insignificant (Table III) (Fig. 2).
The  la tenc ies  o f  waves  Na  (P<0.019) ,
Pa  (P<0.046)  and  Nb (P<0.000)  showed
s ign i f ican t  revers ib i l i ty  wi th  rep lacement
therapy (Table IV). The remaining waves No,
Po ,  Pb  were  no t  p rominent  in  a l l  the
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Fig .  1 : Represen ta t ive  waveform of  aud i to ry
bra ins tem response  in  hypo thyro id  pa t i en t .

F ig .  2 : Represen ta t ive  waveform of  mid  l a t ency
response  in  hypo thyro id  pa t i en t .

recordings. Hence the latencies of the above
waves were not  analyzed.
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pontomedullary portion) and central  (ponto-
mesencephal ic)  conduct ion t ime.

Our findings of ABR as shown in Table I
do not  show any s ignif icant  d i f ferences  in
absolute latencies and interpeak latencies of
ABR though there is slight increase in wave
I I I  the reby  ind ica t ing  tha t  in  hypothyro id
state there may be some slow conduction at
the periphery,  however after  treatment with
thyro id  hormones ,  the  l a tenc ies  showed
improvement  whi le  there  i s  s ign i f ican t
improvement in absolute latency of wave III
(Table  I I )  and  ln te rpeak  la tency  of  I - I I I
(Table II). The baseline values obtained were
similar  to  those obtained in  our  laboratory
prev ious ly  (8 ) .  The  technica l  fac tors  l ike
s t imulus  ra te ,  s t imulus  dura t ion ,  f i l t e r
se t t ings  e tc  were  s tandard ized  and  kep t
f ixed  as  in  the  p rev ious  s tudy  f rom our
l abora to ry .

TABLE I I I : MLR and  AVR mean  l a t enc ies  in  Group  I  and  Group  I I .

No. of Mean latencies Mean latencies of SVR (msec)subjects of MLR (msec)

n N a Pa N b P1 N 1 P2 N 2

Group I 30 14.41±2.19 22.10±2.40 34.25±4.09 54.63±7.34 97.20±6.73 173.05±13.12 250.58±24.74

Group II 30  16.02±3.63* 23.47±4.18 35.93±3.60 56.68±8.26 99.78±8.10 180.40±13.65* 261.99±36.83

*P<0.05

TABLE IV : MLR and  AVR mean  l a t enc ies  in  Group  I I  and  Group  I I I .

No. of Mean latencies Mean latencies of SVR (msec)subjects of MLR (msec)

n N a Pa N b P1 N 1 P2 N 2

Group I 30 16.02±3.63 23.47±4.18 35.93±3.60 56.68±8.26 99.78±8.10   180.4±13.65 261.99±36.83

Group II 30  14.45±2.94*  21.87±4.19* 30.17±6.71*** 52.78±6.96*** 99.61±9.51 181.98±18.66 241.78±23.50***

*P<0.05; ***P<0.001

The  la tency  changes  in  waves  P1 ,  N1,
P2 and N2 of SVR in Group I and Group II
are shown in Table III  (Fig.  3) .  A general
trend of increase in latencies of waves P1,
Nl  and  N2 was  seen  whi le  a  s ign i f ican t
increase in latency of wave P2 (P<0.038) was
observed. There was significant decrease in
the latencies of wave P1 (P<0.000) and N2
(P<0.000)  a f te r  t rea tment  as  shown in
Table IV.

DISCUSSION

The funct ional  integri ty of  the auditory
pa thway depends  on  the  in tac t  ana tomica l
pa thway,  func t iona l  re lay  s ta t ions ,
myel inat ion and th ickness  of  the  t rac t  and
absence of any compression or pressure from
outs ide .  Values  o f  ABR (par t i cu la r ly  the
absolute and inter-peak latencies) represents
the  per iphera l  ( f rom acous t ic  nerve  and
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Fig .  3 : Represen ta t ive  waveform of  s low ver tex
response  in  hypo thyro id  pa t i en t .

Our f indings of ABR in are comparable
with some of  the other  s tudies which have
been done before. Anand et al demonstrated
prolonged absolute  la tency of  wave V and
interpeak latencies I-III  and I-V (9).  These
parameters  d id  no t  show s ign i f ican t
reversibility to normalcy following treatment.
Vanasse et al found no significant difference
in  the  b ra ins tem evoked  po ten t ia l s  when
compared with that of the controls (10). Ozata
et al in 1995 also found no abnormalities in
BAEPs  in  pa t ien t s  wi th  Subc l in ica l
hypothyro id ism and concluded  tha t  BAEPs
are not affected in subclinical hypothyroidism
of short  duration (11).  But Huang et  al ,  in
1989 ,  observed  pro longed  la tency  and
interpeak latency of BAEP in hypothyroidism
(12). Recently in 2000 Khedr et al also found
pro longa t ion  of  a l l  wave  la tenc ies  and
in te rpeak  la tenc ies  in  some of  the
hypothyro id  pa t ien t s   in  the  b ra ins tem
auditory evoked potentials (13). Hohmann et
al in 1990, recorded  changes  in conduction
time of ABR in patient with hypothyroidism
but no significant changes were found in the
ABR following therapy (14). Di Lorenzo et al
in 1995, also recorded abnormal ABR in overt
hypothyro id  pa t ien t  and  found  tha t  they
remained  abnormal  even  a f te r  t rea tment
(15).  These contradictory findings might be
due  to  var ia t ions  in  record ing  procedures ,
sample  s ize  and  ex ten t  o f  thyro id
dysfunct ion.

In  our  s tudy ,  i t  i s  seen  tha t  in
hypothyro id  pa t ien t s  the re  i s  decrease  in
amplitude of wave I while there is significant
decrease in amplitude of wave V and there
i s  s ign i f ican t  improvement  a f te r  t rea tment
(Table I and II). This indicates that there is
be t te r  recru i tment  of  neuronal  pool  of  the
genera tors  o f  these  waves  of  ABR in  the
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brainstem which may further go in favor of
sub jec t ive  hear ing  improvement .  In  1981 ,
Mordecha i  e t  a l  found  tha t  the  pa t te rn  o f
ABR was  genera l ly  charac te r ized  by
prolonged BSCT (Brainstem conduction tune),
diminished ampli tudes ,  f la t tened peaks  and
poor  synchroniza t ion  (16) .  Anand  e t  a l  in
1989,  demonstrated reduction of ampli tudes
of  wave I ,  I I  and V,  and these parameters
d id  no t  show s ign i f ican t  revers ib i l i ty  to
normalcy following treatment (9).  Thus our
f ind ings  c lea r ly  ind ica te  tha t  p resence  of
op t imal  thyro id  hormones  i s  requ i red  to
improve  exc i tab i l i ty  o f  neurona l  pools
(genera tors )  in  b ra ins tem par t i cu la r ly  fo r
waves III and V.

In  our  s tudy ,   the re  was   s ign i f ican t
prolongation of wave Na in the hypothyroid
patients as compared with controls as shown
in  Table  I I I  and  there  was  s ign i f ican t
improvement  in  Na ,  Pa  and  Nb a f te r
treatment as observed in Table IV .  As seen
in  Table  I I I ,  the re  was  s ign i f ican t
pro longa t ion  of  l a tency  of  wave  P2  in
hypothyroid patients while a prolongation is
seen though statist ically insignificant in all
the other waves of SVR. There was significant
improvement  in  the  wave  PI  and  N2 af te r
t rea tment  as  shown in  Table  IV.  The
significant prolongation of latency of Na of
MLR and P2 of SVR in hypothyroid subjects
as  wel l  as  o ther  waves  of  MLR and  SVR
indicates that the thalamocortical projections
of  the  aud i to ry  pa thways  a re  adverse ly
af fec ted  in  these  pa t ien t s .  Th is  f ind ing  i s
consistent with that of Crifo et al where they

observed a longer latency of the SVR in the
congenital  hypothyroid group in comparison
to  the  resu l t s  ob ta ined  in  normal  sub jec t s
(17) .  Our  f ind ings  sugges t  tha t  thyro id
hormone  has  p rofound  in f luence  on  the
auditory projections and are involved in their
process ing  in  the  b ra in .  Tha t  may  be  the
reason why latencies of some waves of MLR
and SVR decrease  on  t rea tment  in
hypothyro id  pa t ien t s .  The  f ind ings  o f  the
present  study suggest  that  normal levels  of
thyro id  hormones  a re  requ i red  for  p roper
excitability of the thalamocortical projections
and auditory processing at the cortical level.
There has been no study, to the best of our
knowledge ,  assess ing  the  tha lamocor t ica l
pro jec t ions  us ing  MLR and  SVR in  adu l t
hypothyroid  pat ients .

The  mechanism of  improvement  in
sensory funct ions  may be  mul t i fac tor ia l  as
i t  has been shown that  thyroid hormone do
inf luence  syn thes i s  and  re lease  o f
neurotransmitter and sensitivity of receptors
par t i cu la r ly  H1 and  H2 recep tors  in  the
bra in .  Thus  in  hypothyro id  s ta te ,  sensory
functions might be deranged and they revert
back to normal after treatment.  The present
s tudy  thus  p rov ides  e lec t rophys io log ica l
evidence to  th is  effect .  However  the  exact
mechanism for  such  improvement  remains
to  be  fur ther  invest igated.
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