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IGHLIGHTS
• The  study  investigates  the  effect  of  site  of  lesion  on  the  contributory  factors  of  hearing  handicap.
• The  study  provides  insight  into  how  much  the  mild  ANSD  subject  suffers  against  their  counterparts  who  have  a  sensory  impairment.
• The  finding  purports  that  ‘‘mild’’  ANSD  subjects  have  listening  impairment  similar  to  that  of  ‘‘severe’’  degree  of  SNHL  subjects.
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Abstract
Introduction:  There  is  a  modest  relationship  between  speech  perception  skills  and  perceived
hearing  handicap  in  individuals  with  hearing  loss.  In  this  study,  an  attempt  is  made  at  linking
psychoacoustic  results  and  speech  perception  skills  to  understand  the  subjective  handicap  and
quality of  life.
Objective:  To  investigate  how  speech  perception  in  noise  (signal  to  noise  ratio-50),  differ-
ence limen  frequency,  temporal  modulation  transfer  function,  hearing  handicap  inventory  for
adults, and  quality  of  life  in  auditory  neuropathy  spectrum  disorder  differs  from  sensorineural
hearing loss.  Further  we  attempt  to  discern  attributed  factors  of  hearing  handicap  in  auditory
neuropathy  spectrum  disorder  and  sensorineural  hearing  loss.
Methods:  A  cross-sectional  study  with  comparative  and  correlational  research  designs  were
utilized. Eighty-four  participants  were  grouped  into  sensorineural  hearing  loss  (n  =  49),  and
auditory neuropathy  spectrum  disorder  (n  =  35)  was  sub-grouped  into  mild,  moderately  severe,
and severe.  We  evaluated  signal  to  noise  ratio-50,  difference  limen  frequency,  and  temporal
n.  In  addition,  hearing  handicap  inventory  for  adults,  and  quality  of
ministered.
opathy  spectrum  disorder  showed  impairment  in  speech  perception
cy,  which  were  similar  to  the  severe  sensory  neural  hearing  loss.
modulation  transfer  functio
life questionnaires  were  ad
Results:  Mild  auditory  neur
and discriminating  frequen
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Temporal  resolution  impairment  in  auditory  neuropathy  spectrum  disorder  mild  was  significantly
higher than  in  each  sub-groups  of  sensorineural  hearing  loss.  The  severity  of  the  hearing  hand-
icap in  was  similar  to  severe  sensorineural  hearing  loss,  quality  of  life  was  equally  affected  in
sensorineural  hearing  loss  and  auditory  neuropathy  spectrum  disorder.  In  sensorineural  hearing
loss, signal  to  noise  ratio-50  was  positively  related,  and  quality  of  life  was  negatively  related
to hearing  handicap.  In  auditory  neuropathy  spectrum  disorder,  no  contributory  factors  were
related to  hearing  handicap.
Conclusion:  Mild  auditory  neural  pathology  demonstrates  impairment  in  speech  recognition  and
psychoacoustic  skills  similar  to  severe  cochlear  pathology.  In  sensorineural  hearing  loss,  hearing
handicap  is  predicted  from  quality  of  life  and  speech  perception,  but  none  of  the  contributory
factors predicted  hearing  handicap  in  auditory  neuropathy  spectrum  disorder.
© 2021  Associação  Brasileira  de  Otorrinolaringologia  e  Cirurgia  Cérvico-Facial.  Published
by Elsevier  Editora  Ltda.  This  is  an  open  access  article  under  the  CC  BY  license  (http://
creativecommons.org/licenses/by/4.0/).
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earing  loss  has  a  significant  impact  on  hearing  handicap
nd  eventually  affects  the  quality  of  life.  Iwasaki  et  al.1

eported  a  mild  correlation  between  hearing  handicap  and
earing  loss  in  those  individuals  with  sensorineural  hearing
oss  (SNHL)  who  had  a  pure  tone  average  of  67  dB.  A  few
tudies  Alhanbali  et  al.2 and  Pedersen  and  Rosenhall3 have
eported  a  mild  relationship  between  speech  recognition
core  and  hearing  handicap  in  SNHL.  An  equivocal  result  was
bserved  in  the  relationship  between  hearing  handicap  and
he  degree  of  hearing  loss  in  SNHL.  However,  the  relation-
hip  between  hearing  handicap  and  speech  understanding  in
NHL  showed  a  modest  relationship.

Auditory  neuropathy  spectrum  disorder  (ANSD)  is  a  type
f  SNHL.  The  onset  of  hearing  loss  in  ANSD  at  a  later  part
f  their  life  affects  speech  understanding  ability,4,5 results
n  a  communication  breakdown  and,  consequently,  a  hear-
ng  handicap.  In  ANSD,  irrespective  of  the  degree  of  hearing
oss  and  speech  perception  scores,  the  hearing  handicap  was
ound  to  be  severe.6

Psychoacoustics  combines  the  study  of  acoustics  and
uditory  physiology  to  determine  the  relationship  between

 sound’s  characteristics  and  the  auditory  sensation  that
t  provokes.7 The  temporal  modulation  transfer  function  is

 psychoacoustic  task  that  assesses  temporal  resolution.  A
ew  studies  have  reported  that  patients  with  cochlear  hear-
ng  loss  often  showed  reduced  temporal  resolution.8,9 Also,
articipants  of  ANSD  showed  less  sensitivity  to  detect  mod-
lation  amplitude,  and  the  detection  threshold  worsens  as

 function  of  modulation  rate.10

Difference  limen  frequency  (DLF)  is  another  psychoacous-
ic  test  which  assesses  the  ability  to  detect  the  smallest
hange  in  frequency  between  the  two  tones.  Goldstein11

ocumented  larger  DLF  in  cochlear  hearing  loss  in  than  nor-
al  hearing  subjects,  suggesting  the  loss  of  neural  synchrony

n  the  auditory  nerve.  Even  in  ANSD  cases,  abnormal  fre-
uency  discrimination  was  observed  below  4  kHz,  but  normal
iscrimination  ability  was  observed  above  4  kHz.12 Due  to

amage  in  the  cochlea  or  at  auditory  nerve,  the  difficulty
n  understanding  speech  exacerbated  when  listening  speech
n  noise  contains  limited  to  available  amplitude’  or  spec-
ral  fluctuations  where  impaired  temporal10 and  spectral13

A
r
a

S10
uditory  system  unable  to  capture  subtle  cues  for  speech
erception.  Besides,  there  is  a  direct  relationship  between
educed  speech  perception  scores  and  impaired  psychoa-
oustic  skills.  In  the  present  study,  an  attempt  is  made  to  link
he  psychoacoustic  measures  and  speech  perception  skills  to
nderstand  subjective  hearing  handicap.  Thus,  it  is  hypoth-
sized  that  psychoacoustic  measures  may  reliably  relate  to
he  hearing  handicap  in  the  study  participants.

Nordvik  et  al.,14 reported  that  the  majority  of  studies
uggested  quality  of  life  (QOL)  diminishes  as  a  function  of  the
egree  of  hearing,  and  rehabilitation  with  the  hearing  aid
eems  to  improve  QOL  within  the  first  year.  However,  in  indi-
iduals  with  late-onset  ANSD,  the  quality  of  life  is  affected
ue  to  limited  benefit  from  rehabilitative  devices.  In  addi-
ion  to  the  auditory  impairment,  they  also  face  psycho-social
roblem.15 It  is  hypothesized  that  reduced  QOL  may  corre-
ate  with  the  hearing  handicap.

The  present  study  is  focused  on  how  the  perceptual  skill
SNR-50),  psychoacoustic  skills  (TMTF  and  DLF),  quality  of
ife,  and  hearing  handicap  differed  between  ANSD  and  SNHL
ubjects.  If  the  scores  are  different  among  groups,  then
o  what  extent  auditory  neural  pathology  subjects  have
mpairment  against  their  counterparts  who  have  an  auditory
ensory  pathology  in  the  above-mentioned  skills?  Further,
he  relationship  between  hearing  handicap  and  each  of  the
easurements  was  ascertained  in  each  group  to  determine

he  attributing  factors  for  hearing  handicap.  It  is  hypothe-
ized  that  mild  pathology  in  the  inner  ear  has  impairment
imilar  to  the  severe  degree  of  auditory  neural  pathology,
nd  each  of  the  measured  skills  attributes  for  hearing  handi-
ap.  The  study  aimed  to  investigate  the  potential  attributing
actors  of  hearing  handicap  in  individuals  with  SNHL  and
NSD.  The  following  objectives  were  formulated:  a)  To  com-
are  each  of  the  measured  skills  between  the  SNHL  and
NSD  group  and  b)  To  find  the  relationship  between  hear-

ng  handicap  and  measured  skills  and  identify  the  potential
ttributing  factors  for  hearing  handicap.

ethods
 cross-sectional  study  with  comparative  and  correlational
esearch  designs  was  utilized.  The  study  was  a  part  of

 research  project  which  was  approved  by  the  ethics
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ommittee  with  the  reference  number  SH/CDN/CC/ARF-
9/2019-20.  A  purposive  sampling  method  was  used.  The
rocedures  involved  in  the  study  were  explained  to  the  par-
icipants,  and  informed  consent  was  obtained  before  the
ata  collection.  A  total  of  84  participants  were  recruited  in
he  study.  We  grouped  into  two  based  on  the  site  of  pathol-
gy.  Group  I  (n  =  49)  included  participants  with  confirmed
ochlear  hearing  loss.

Those  participants  who  fulfilled  the  following  conditions
ere  included  in  the  study:

 Hearing  thresholds  ranging  from  30  dBHL  to  90  dBHL  in
both  ears  symmetrically.

 Normal  middle  ear  functioning  as  indicated  by  type  ‘‘A’’
tympanogram  with  elevated  reflexes  (ipsi-  and  contra-)  at
500  Hz  to  4  kHz  (an  octave)  or  absent  reflexes.

 Absent  TEOAEs  or  DPOAEs  based  on  hearing  loss.
 Tone  decay  test:  patients  who  heard  the  tone  for  one

complete  minute  without  a  change  in  loudness.
 Native  speakers  of  Kannada.

We  sub-grouped  these  participants  into  three  based  on
egree  of  hearing  loss:  mild  (n  =  10,  mean  age  =  35  years,  age
ange  =  19---50  years,  mean  threshold  =34  dB,  male  =  6  and
emale  =  4),  moderately  severe  (n  =  32,  mean  age  =  38  years,
ge  range  =  15---62  years,  mean  threshold  =  56  dB,  male  =  16
nd  female  =  16)  and  severe  (n  =  7,  mean  age  =  45  years,  age
ange  =  19---60  years,  mean  threshold  =  80  dB,  male  =  4  and
emale  =  3).

Group  II  included  35  individuals  with  confirmed  auditory
europathy  spectrum  disorder.

All  the  participants  met  the  following  inclusion  criteria:

 They  complained  of  reduced  hearing  sensitivity  and  diffi-
culty  understanding  speech.

 They  met  the  diagnostic  criteria  of  auditory  neuropathy
spectrum  disorder  as  per  Starr  et  al.16 and  Berlin  et  al.17

 Hearing  thresholds  ranging  from  30  dBHL  to  90  dBHL  in
both  ears  symmetrically.

 Normal  middle  ear  status  indicated  by  type  ‘‘A’’  tym-
panogram  and  robust  otoacoustic  emission.

 Impaired  neural  response  reflected  in  auditory  brainstem
response  and  middle  ear  reflexes  were  recruited  in  the
study.

 Native  speakers  of  Kannada.

Further,  the  ANSD  group  was  sub-grouped  into  three
ased  on  degree  of  hearing  loss  mild  (n  =  19,  mean  age  =  25
ears,  age  range  =  49---49  years,  mean  threshold  =  30  dB,
ale  =  7  and  female  =  12),  moderately  severe  (n  =  11,  mean

ge  =  24  years,  age  range  =  17---40  years,  mean  thresh-
ld  =  60  dB,  male  =  3  and  female  =  8)  and  severe  (n  = 5,
ean  age  =  33  years,  age  range  =  19---51  years,  mean  thresh-

ld  =  76  dB,  male  =  3  and  female  =  2).
Exclusion  criteria  for  group  I  and  II:  participants  having

ny  history  of  systemic  illnesses  and  complaints  of  any  psy-
hological  or  neurological  problem  were  not  included  in  the
tudy.
The  procedure  of  data  collection  included  quantita-
ive  and  qualitative  tests.  The  quantitative  tests  included
ehavioral  tests  and  psychoacoustic  tests.  Behavioral  tests
omprised  of  pure  tone  audiometry,  speech  perception  in
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oise  (SNR-50).  Psychoacoustic  tests  included  difference
imen  frequency  (DLF)  and  temporal  modulation  transfer
unction  (TMTF).  In  addition,  we  assessed  hearing  handicap
nventory  and  quality  of  life  under  the  qualitative  tests.

 Quantitative  measures:
A)  Behavioral  tests:

SNR  50
Stimulus  preparation:  We  prepared  speech  shaped  noise

aving  a  spectrum  similar  to  that  of  a  standardized  sen-
ence.  The  procedure  given  by  Shetty  and  Mendhakar18 was
dopted  to  generate  speech  shaped  noise.  We  have  used
hree  lists  of  standardized  Kannada  sentences  developed  by
eetha  et  al.,19 which  are  phonetically  and  phonemically
alanced.  Each  sentence  in  the  list  is  comprised  of  five  tar-
et  words.  We  identified  the  root  means  square  (RMS)  for
ach  sentence,  and  then  we  added  noise  at  the  desired  SNR.
e  mixed  the  first  list  of  ten  sentences  with  speech  shaped
oise  at  different  signal  to  noise  ratios  ranged  from  +12  dB  to
6  dB  SNR  in  2  dB  step  size.  The  onset  of  noise  was  started
00  ms  before  the  beginning  of  each  sentence  and  contin-
ed  for  500  ms  after  the  offset  of  the  sentence.  A  smooth
amp  (rise  and  fall  time)  was  made  to  the  noise  using  cosine
unction  to  avoid  unintended  effects.  We  used  the  follow-
ng  formula  to  add  noise  to  each  sentence.  Like  the  other
wo  lists  of  sentences,  the  noise  was  added  at  different  SNR
sing  a  similar  procedure  as  specified  earlier.  We  used  the
elow-mentioned  code  to  generate  the  desired  SNR  in  Aux
iewer  software  (version  1).

NR  =  wave (filename) @ rms

>>  500  ramp  (wave  ("noise")@  rms,  20)

Ten  sentences  embedded  at  different  SNRs  were  ran-
omized.  Each  sentence  was  presented  at  most  comfortable
evel  through  a  loudspeaker  at  0◦ azimuths.  We  instructed
he  participants  to  repeat  the  sentence  heard.  We  noted
he  SNR  level  at  which  the  testing  started  (L)  and  the  num-
er  of  correctly  recognized  target  words  in  each  sentence.
he  total  number  of  target  words  from  all  sentences  was
dded  (T).  We  also  documented  the  total  number  of  words
er  decrement  (W)  and  SNR  decrement  step  size  in  each
entence  (d).  The  obtained  values  were  substituted  to  the
pearman---Karber  equation,  given  below,  to  determine  SNR
0%.

0point  =  L  +  (0.5*d)  ---  d (T)/  W

A)  Psychophysical  tasks:

We  used  the  Maximum  Likelihood  Procedure  (MLP)  to  esti-
ate  the  thresholds  for  TMTF  and  DLF.  The  laptop  loaded
ith  MLP  was  connected  to  an  auxiliary  input  of  audiome-

er.  The  output  of  the  audiometer  was  delivered  bilaterally
hrough  headphones  at  the  participants’  most  comfortable
evel.
Temporal  modulation  transfer  function:  The  TMTF  stim-
lus  developed  by  Lorenzi  et  al.7 was  adopted.  A  sinusoidal
mplitude  modulation  applied  to  the  white  noise  carrier  of
000  ms,  as  a  function  of  modulation  frequency  (FM  8  Hz,
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4  Hz,  and  128  Hz).  These  frequencies  were  selected  to
nclude  both  low  and  high  modulation  frequencies.  We  used

 three-interval  forced-choice  method  that  estimates  the
odulation  depth,  m,  with  the  two  down  one  up  approach,
hich  accounts  for  70.7%  correct  detection.20 Each  partic-

pant  was  instructed  to  identify  an  interval  containing  the
mplitude-modulation.  The  modulation  depth  of  each  Fre-
uency  Modulates  (FM)  from  0  dB  to  −30  dB.  The  step  size  of

 variation  was  initially  4  dB  and  was  reduced  to  2  dB  after
he  first  two  reversals.  The  maximum  amplitude  modulation
sed  was  0  dB  (100%),  and  the  minimum  was  −30  dB  (0%).

We  obtained  the  modulation  detection  threshold  (MDT)
n  dB  in  terms  of  the  following  equation.  We  utilized  the
ethod  adopted  by  Zeng  et  al.21 to  calculate  peak  modula-

ion  sensitivity.  The  peak  modulation  sensitivity  is  the  lowest
odulation  depth  (in  dB)  required  to  identify  the  modula-

ion  from  unmodulated  white  noise.  We  calculated  the  peak
odulation  sensitivity  for  each  frequency  modulation.  The
ean  of  the  last  ten  reversals  in  a  block  of  14  reversals  was

aken  as  the  threshold  of  peak  modulation  sensitivity  for
hat  block  MDT  =  �r220  log  10  m,  where  m  is  the  modulation
epth  in  %.

Difference  limen  frequency:  The  stimulus  developed  by
icheyl  et  al.22 was  adopted  to  assess  Difference  Limen  Fre-
uency.  We  measured  DLF  for  tones  of  frequencies  500  Hz,
000  Hz,  2000  Hz,  and  4000  Hz  (standard  frequencies).  DLF
s  defined  as  the  minimum  frequency  required  to  differen-
iate  between  two  tones,  which  are  closely  spaced  in  terms
f  frequencies.  A  standard  frequency  of  500  Hz  and  com-
lex  harmonics  tones  of  250  ms  duration  with  a  cosine  ramp
f  20  ms  was  used.  The  standard  frequency  tone  of  500  or
00  Hz  +  df  Hz  was  used.  Complex  tones  having  the  same
hase  and  amplitudes  were  derived  by  adding  four  sinewaves
ith  frequencies  corresponding  to  2---5  harmonics  of  a  stan-
ard  frequency  (F0)  of  500  Hz.  Similarly,  the  procedure  was
arried  out  to  generate  the  stimuli  of  other  standard  fre-
uencies.  For  each  of  the  standard  frequency,  the  frequency
iscrimination  threshold  was  determined  based  on  a  3  AFC
rocedure  with  a  two  down  and  one  up  adaptive  method.  In
his  method,  we  presented  a  set  of  three  stimuli  having  one
tandard  tone  of  F0  +  df  (Hz),  and  the  other  two  standard
ure  tones  of  F0  were  presented  sequentially.  Participants
ere  instructed  to  identify  complex  df  tone  that  is  different

rom  the  other  two  tones.  The  target  df  was  reduced  by  a
articular  factor  after  two  correct  responses  and  increased
y  the  same  factor  after  one  incorrect  response.  After  12
eversals,  the  test  is  stopped.  The  mean  value  of  df  was
alculated  from  the  last  eight  reversal  and  expressed  in  Hz.

A)  Qualitative  measures

We  administered  the  Kannada  version  of  the  Hearing
andicap  Inventory  for  Adults  (HHIA)23 and  the  World  Health
rganization  ---  Quality  of  Life  (WHO-QOL)  on  each  of  the
articipants  of  the  study.

Hearing  handicap  inventory  for  adults:  The  HHIA  ques-
ionnaire  consists  of  13  questions  in  emotional  and  12
uestions  in  the  social  domain,  constituting  a  total  of  25

uestions.  Each  question  was  rated  on  a  three-point  rat-
ng  scale  ‘‘yes’’  as  4,  ‘‘sometimes’’  as  2,  and  ‘‘no’’  as  0.
he  maximum  overall  score  is  100.  The  maximum  number
f  points  for  social  and  emotional  subsections  is  48  and  52,
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espectively.  A  score  of  0  implies  no  handicap,  while  a  score
f  100  implies  total  handicap.  A  score  ranging  from  0%  to
6%  indicates  no  handicap;  a  score  of  18%---42%  indicates
ild-moderate  handicap.  A  score  of  above  44%  indicates  a

ignificant  handicap.  We  obtained  scores  for  each  domain.
World  Health  Organization  ----  Quality  of  life:  The  Kan-

ada  version  of  the  World  Health  Organization  ---  Quality
f  Life  BREF  version24 was  utilized  to  assess  the  quality  of
ife.  The  questionnaire  included  26  questions.  Each  ques-
ion  was  rated  on  a  five-point  rating  scale,  and  the  score
anged  from  1  to  5.  It  has  four  domains  namely  physical
maximum  score  =  35),  psychological  (maximum  score  =  30),
nvironmental  (maximum  score  =  40)  and  social  (maximum
core  =  15)  containing  7,  6,  8,  3  questions,  respectively.  In
ddition,  two  questions  involve  rating  the  quality  of  life
hat  reflects  the  satisfaction  of  health.  In  the  questionnaire,
ne  of  the  questions  in  the  social  domain  did  not  seem
pt  to  the  Indian  context.  Hence,  we  replaced  the  ques-
ion  according  to  the  recommendation  by  the  International
lectro-Technical  Commission  (IEC).  We  replaced  the  ques-
ion  about  satisfaction  about  sex  life  with  the  relationship
ith  neighbors.  We  instructed  the  participants  to  select  an
ption  from  1  to  5  for  each  of  the  questions.  We  calculated
he  scores  of  quality  of  life,  health,  and  total  scores  for  each
f  the  domains.

Experienced  audiologists  did  the  evaluation  in  the
epartment.  Later  the  data  for  this  study  was  conducted
y  the  research  associate  in  the  lab.  It  took  30  min  to  per-
orm  all  the  tests  on  each  participant.  The  basic  audiological
valuation  and  the  data  collected  were  on  the  same  day.

esults

omparison  of  SNR-50  from  individuals  with  SNHL
nd ANSD

o  achieve  50%  recognition  of  speech,  the  SNR  required  was
ess  in  mild  hearing  loss  (n  =  10)  than  moderately  severe
n  =  32),  followed  by  a  severe  degree  (n  =  7)  of  SNHL  group.
he  median  SNR  required  to  achieve  50%  recognition  in
ild  group  was  −1 dB  (SD  =  3.86,  range  =  10),  moderately

evere  was  3  dB  (SD  =  23.5,  range  =  23.5),  severe  group  was
 dB  (SD  =  14.93,  range  =  32).  A  Kruskal  Wallis  test  showed

 significant  difference  between  sub-groups  for  SNR-50  in
NHL  (�2(2)  =  8.242;  p  =  0.016).  Further,  we  performed  a
ost  hoc  Mann---Whitney  U  test  to  check  in  which  sub-
roups  of  SNHL  had  caused  a  significant  difference  in
NR-50.  The  mild  sub-group  of  SNHL  required  significan-
ly  lesser  SNR  to  achieve  SNR-50  than  moderately  severe
U  =  74,  Z  =  −2.546,  p  =  0.011)  and  severe  sub-groups  (U  =  12,

 =  −2.253,  p  =  0.024).  Though  the  SNR  required  to  achieve
0%  recognition  in  noise  was  less  in  moderately  severe  than
evere  subgroup,  it  failed  to  reach  a  significant  difference
U  =  83,  Z  = −1.064,  p  =  0.287).  In  the  case  of  ANSD,  a  mea-
urable  SNR-50  was  obtained  from  13/19  participants  of  the
ild  sub-group.  The  median  SNR  required  to  achieve  50%

ecognition  in  them  was  9.5  dB  (SD  =  10.61,  range  =  28.90).

owever,  no  measurable  SNR-50  was  obtained  from  either
oderately  severe  or  severe  sub-groups  of  ANSD.
Further,  to  know  the  severity  of  impairment  in  the  SNR-50

etween  the  cochlear  and  neural  site  of  the  lesion,  we  com-
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Table  1  Median  and  standard  deviation  (SD)  of  scores  of  difference  limen  frequency  (DLF)  in  sensorineural  hearing  loss  and
SNHL and  auditory  neuropathy  spectrum  disorder  (ANSD).

Type  Sub-groups  Domains  500  1000  2000  4000

SNHL Mild  (n  =  10) Median  (range)  36.93  (80.04)  57.68  (146.24)  126.01  (283.59)  139.21  (172.10)
SD 30.28  44.61  91.59  51.21

Moderately severe
(n =  32)

Median  (range)  63.86  (135.58)  85.26  (130.99)  156.99  (258.45)  195.83  (150.76)
SD 134.07  87.22  126.84  202.71

Severe (n  =  7) Median  (range)  45.2  (193.14)  26.97  (182.64)  71.39  (109.8)  215.65  (289.07)
SD 115.14  322.86  256.15  301.19

ANSD Mild (n  =  19) Median  (range) 79.54  (233.17) 119.4  (471.04)  174.59  (534.79)  202.35  (609.70)
SD 61.61  106.03  112.36  175.53

Moderately severe
(n  =  11)

Median  (range)  105.42  (415.38)  254.5  (831.84)  240.24  (555.85)  308.64  (897.66)
SD 169.17  244.44  158.58  297.09

Severe (n  =  5) Median  (range)  143.91  (498.88)  253.5  (163.52)  179.84  (410.10)  389.55  (248.06)
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compared  to  those  with  SNHL  (Fig.  1).  Also,  frequency  reso-
lution  in  the  mild  ANSD  was  affected  by  more  than  the  severe
subgroup  of  SNHL.
SD 197.19  

ared  the  mild  subgroup  of  ANSD  (n  =  19)  with  each  of  the
ubgroups  of  SNHL  on  SNR-50  using  the  Mann---Whitney  U  test.
t  was  observed  that  mild  sub-group  of  ANSD  (median  =  9.5)
equired  a  significantly  higher  SNR  to  achieve  50%  speech
ecognition  than  mild  (median  =  −1;  U  =  9.50,  Z  =  −3.94,

 =  0.000)  and  moderately  severe  (median  =  3;  U  =  97.50,
 =  −4.03,  p  =  0.000)  subgroups  of  ANSD.  In  addition,  though
ild  sub-group  of  ANSD  (median  =  9.5)  required  higher

NR  to  achieve  50%  recognition  than  severe  (median  =  4;
 =  54.50,  Z  =  −0.72,  p  =  0.49),  it  failed  to  reach  significance.

t  purports  that  the  mild  degree  of  neural  pathology  in
peech  recognition  has  a  similar  problem  with  that  of  the
evere  degree  of  cochlear  pathology.

omparison  of  difference  limen  of  frequency  and
odulation  detection  thresholds  in  individuals
ith SNHL  and  ANSD

he  median  and  SD  of  DLF  at  each  frequency  from  sub-
roups  of  SNHL  and  ANSD  are  tabulated  in  Table  1.  We
arried  out  a  Kruskal  Wallis  test  to  check  for  differences
ithin  the  sub-groups  on  frequency  resolution  in  each  fre-
uency.  It  was  found  that  in  the  SNHL  group,  there  were
o  differences  between  the  subgroups  on  DLF  at  500  Hz
�2(2)  =  2.62,  p  =  0.270),  1000  Hz  (�2(2)  =  3.141,  p  =  0.208),
000  Hz  (�2(2)  =  1.26,  p  =  0.53),  4000  Hz  (�2(2)  =  2.22,

 =  0.328).  Similarly,  for  the  ANSD  group,  there  were  no  sig-
ificant  differences  between  subgroups  on  DLF  at  500  Hz
�2(2)  =  5.29,  p  =  0.071),  1000  Hz  (�2(2)  =  8.022,  p  =  0.051),
000  Hz  (�2(2)  =  1.938,  p  =  0.379),  4000  Hz  (�2(2)  =  2.672,

 =  0.263).
We  combined  the  DLF  data  at  each  frequency  as  there

as  no  significant  difference  between  the  sub-groups.  This
s  true  in  case  of  SNHL  and  ANSD.  Further  a  Mann---Whitney

 test  revealed  a  significantly  better  frequency  resolu-
ion  in  SNHL  than  ANSD  on  DLF  at  500  Hz  (U  =  523.5,

 =  −3.139,  p  =  0.002),  1000  Hz  (U  =  448.50,  Z  =  −3.809,
 =  0.000),  2000  Hz  (U  = 642.5,  Z  =  −2.076,  p  =  0.038),  and

000  Hz  (U  =  553.5,  Z  =  −2.872,  p  =  0.004).

Further,  we  compared  the  mild  subgroup  of  ANSD  with
ach  of  the  sub-groups  of  SNHL  on  DLF  for  each  primary  tone.

 Mann---Whitney  U  test  result  revealed  that  the  mild  sub-
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63.77  194.76  104.64

roup  of  ANSD  required  a  significantly  larger  DLF  for  500  Hz
han  each  of  the  mild  (U  =  42.00,  Z  =  −2.43,  p  =  0.014),  mod-
rately  severe  (U  =  14.00,  Z  =  −2.88,  p  =  0.003)  and  severe
U  =  3.00,  Z  =  −2.69,  p  =  0.005)  subgroups  of  SNHL.  In  addi-
ion,  a  significantly  larger  DLF  was  observed  in  mild  ANSD  for

 kHz  than  mild  (U  =  32.50,  Z  =  −2.86,  p  =  0.003),  moderately
evere  (U  =  7.00,  Z  =  −3.38,  p  =  0.000)  and  severe  (U  =  1.000,

 =  −2.93,  p  =  0.001)  sub-groups  of  SNHL.  Further,  a  signifi-
antly  larger  DLF  was  required  by  the  sub-group  of  ANSD
or  2  kHz  than  mild  (U  =  69.00,  Z  =  −1.193,  p  =  0.027),  mod-
rately  severe  (U  =  26.00,  Z  =  −2.64,  p  =  0.043)  and  severe
U  =  17.00,  Z  =  −0.98,  p  =  0.371)  subgroups  of  SNHL.  We
bserved  a  similar  result  for  4  kHz  as  the  mild  group  of  ANSD
equired  larger  DLF  to  discriminate  the  primary  tone  from
ts  variable  tones  than  mild  (U  =  42.00,  Z  =  −2.43,  p  =  0.014),
oderately  severe  (U  =  16.00,  Z  =  −0.006,  p  =  0.005)  and

evere  (U  =  2.00,  Z  =  −2.81,  p  =  0.003)  subgroups  of  SNHL.
t  infers  that  frequency  resolution  in  the  mild  sub-group  of
NSD  was  affected  more  than  the  severe  subgroup  of  SNHL.
o  sum  up,  the  individuals  with  ANSD  required  a  significan-
ly  higher  difference  in  frequency  to  differentiate  two  tones
igure  1  Comparison  of  difference  limen  frequency  (DLF)  in
ensorineural  hearing  loss  SNHL  and  auditory  neuropathy  spec-
rum disorder  (ANSD).
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Table  2  Median  and  standard  deviation  of  scores  of  temporal  modulation  transfer  function  (TMTF)  in  sensorineural  hearing  loss
(SNHL) and  auditory  neuropathy  spectrum  disorder  (ANSD).

Type  Sub-groups  Domains  8  64  128

SNHL Mild  (n  =  10) Median  (range)  −14.7  (10.20)  −8.55  (8.10)  −5.4  (11.40)
SD 3.73  2.77  3.27

Moderately severe
(n =  32)

Median  (range)  −13.35  (17.10)  −8.25  (14.55)  −4.56  (12.15)
SD 3.91  3.92  3.39

Severe (n  =  7) Median  (range)  −11.85  (15.45)  −5.55  (11.25)  −1.35  (8.40)
SD 6.52  3.95  3.01

ANSD Mild (n  =  19) Median  (range) −8.85  (19.65) −2.25  (15.95)  NA
SD 5.12  4.62  ---

Moderately severe
(n =  11)

Median  (range)  NA  NA  NA
SD ---  ---  ---

Severe (n  =  5) Median  (range)  NA  NA  NA
SD ---  ---  ---

Table  3  Median  and  standard  deviation  (SD)  of  scores  of  the  hearing  handicap  inventory  for  adults  (HHIA)  in  sensorineural
hearing loss  (SNHL)  and  auditory  neuropathy  spectrum  disorder  (ANSD).

Type Sub-groups  Domains  Social  Emotional  Total

SNHL Mild  (n  =  10) Median  (range)  17  (36)  18  (44)  36  (78)
SD 13.59  14.83  27.38

Moderately severe
(n =  32)

Median  (range)  26  (42)  26  (38)  56  (78)
SD 12.5  12.07  23.51

Severe (n  =  7) Median  (range)  32  (30)  28  (42)  54  (68)
SD 12.61  15.99  27.29

ANSD Mild (n  =  19) Median  (range)  34  (44)  34  (38)  68  (78)
SD 10.39  11.24  20.09

Moderately severe
(n =  11)

Median  (range)  32  (26)  34  (42)  60  (68)
SD 8.54  12.83  20.38

Severe (n  =  5) Median  (range)  40  (14)  34  (24)  72  (30)
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emporal  modulation  transfer  function
he  median  scores  and  SD  on  TMTF  in  individuals  with  SNHL
nd  ANSD  are  tabulated  in  Table  2.  We  used  the  Kruskal  Wal-
is  test  to  check  for  the  difference  between  sub-groups  on
cores  of  TMTF  for  each  frequency.  Though  the  temporal  res-
lution  was  better  in  the  mild  sub-group  than  moderately
evere  followed  by  severe  sub-groups  of  SNHL,  it  failed  to
ause  significant  differences  on  scores  of  TMTF  at  8  Hz  (�2

2)  =  3.529,  p  =  0.129),  64  Hz  (�2(2)  =  2.81,  p  =  0.245),  and  128
z  (�2(2)  =  3.65,  p  =  0.161).  Unlike  the  SNHL  group,  there  was

 measurable  score  on  temporal  resolution  only  at  8  Hz  and
4  Hz  in  mild  sub-groups  of  ANSD.

In  addition,  we  compared  the  mild  subgroup  of  ANSD  with
ach  of  the  sub-groups  of  SNHL  on  modulation  detection
hreshold  at  8  Hz  and  64  Hz.  A  Mann---Whitney  U  test  result
evealed  that  mild  subgroup  of  ANSD  required  a  significantly
igher  modulation  detection  threshold  for  8  Hz  modula-
ion  frequency  than  each  of  the  mild  (U  =  4.50,  Z  =  −2.27,

 =  0.021),  moderately  severe  (U  =  4,  Z  =  −3.90,  p  =  0.000)
nd  severe  (U  =  4.00,  Z  =  −2.58,  p  =  0.010)  subgroups  of

NHL.  Similarly,  a  significant  higher  modulation  detection
hreshold  was  observed  in  mild  ANSD  for  64  Hz  modulation
requency  than  mild  (U  =  42.50,  Z  =  −2.41,  p  =  0.014),  mod-
rately  severe  (U  =  3.00,  Z  =  −4.18,  p  =  0.000)  and  severe
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5.76  9.95  11.22

U  =  3.00,  Z  =  −2.70,  p  =  0.005)  sub-groups  of  SNHL.  It  infers
hat  the  temporal  resolution  in  mild  ANSD  was  affected  more
han  the  severe  subgroup  of  SNHL.

omparison  of  hearing  handicap  inventory  in
dults with  SNHL  and  ANSD

able  3  shows  that  the  severity  of  the  hearing  handicap
as  mild  to  moderate  degree  in  the  mild  sub-group  of
NHL.  Whereas  hearing  handicap  was  significantly  affected
n  moderately  severe  and  severe  sub-groups  of  SNHL.  Also,
cores  on  social  and  emotional  domains  were  reduced  with
n  increase  in  the  degree  of  hearing  loss.  This  was  true
n  each  domain  of  hearing  handicap  inventory.  A  Kruskal
allis  test  was  administered  to  compare  the  severity  of
earing  handicap  between  sub-groups  of  the  SNHL  group.
he  results  revealed  no  differences  between  the  subgroups
n  the  scores  of  the  social  domain  of  HHIA  (�2(2)  =  3.49,

 =  0.175),  the  emotional  domain  of  HHIA  (�2(2)  =  1.497,

 =  0.473)  and  total  score  of  HHIA  (�2(2)  =  2.757,  p  =  0.252).

Table  3  shows  that  hearing  handicap  is  significantly
ffected  irrespective  of  the  degree  of  hearing  loss.  Besides,
he  social  domain  of  HHIA  and  total  score  of  HHIA  was
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Table  4  Median  and  standard  deviation  (SD)  of  scores  of  quality  of  life  (QOL)  in  sensorineural  hearing  loss  (SNHL)  and  auditory
neuropathy spectrum  disorder  (ANSD).

Type  Sub-groups  Domains  Social  Emotional  Total

SNHL Mild  (n  =  10) Median  (range)  17  (36)  18  (44)  36  (78)
SD 13.59  14.83  27.38

Moderately severe
(n =  32)

Median  (range)  26  (42)  26  (38)  56  (78)
SD 12.5  12.07  23.51

Severe (n  =  7) Median  (range) 32  (30) 28  (42) 54  (68)
SD 12.61  15.99  27.29

ANSD Mild (n  =  19) Median  (range)  34  (44)  34  (38)  68  (78)
SD 10.39  11.24  20.09

Moderately severe
(n =  11)

Median  (range)  32  (26)  34  (42)  60  (68)
SD 8.54  12.83  20.38

Severe (n  =  5) Median  (range)  40  (14)  34  (24)  72  (30)
SD 5.76  9.95  11.22

Figure  2  Comparison  of  scores  of  each  domain  of  the  hearing
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andicap  inventory  for  adults  (HHIA)  in  sensorineural  hearing
oss (SNHL)  and  auditory  neuropathy  spectrum  disorder  (ANSD).

mpacted  more  in  the  severe  subgroup  than  the  mild  sub-
roup,  followed  by  the  moderate-severe  subgroup  of  ANSD.
n  contrast,  the  emotional  domain  of  HHIA  was  the  same
cross  sub-groups  of  ANSD.  A  Kruskal  Wallis  test  revealed
o  difference  between  sub-groups  on  the  score  of  the  social
omain  of  HHIA  (�2(2)  =  2.40,  p  =  0.301)  and  total  score  of
HIA  (�2(2)  =  0.682,  p  =  0.711).

The  scores  in  each  domain  of  HHIA  obtained  between
ub-groups  were  combined  in  each  of  the  groups  as  there
ere  no  significant  differences  in  them.  This  was  done  to
ompare  the  scores  of  each  domain  of  HHIA  between  SNHL
nd  ANSD.  A  Mann---Whitney  U  test  result  revealed  a  signi-
cantly  higher  severity  of  hearing  handicap  in  ANSD  than
NHL  (�2(1)  =  6.347,  p  =  0.012)  (Fig.  2).  This  was  true  in
ach  domain  of  HHIA,  that  is,  social  domain  (�2(1)  =  7.842,

 =  0.005)  and  emotional  domain  (�2(1)  =  4.249,  p  =  0.039).
Further,  we  compared  the  mild  subgroup  of  ANSD  with
ach  of  the  subgroups  of  SNHL  on  the  total  hearing  hand-
cap  index  using  the  Mann---Whitney  U  test.  We  performed
hese  comparisons  to  determine  the  severity  of  handicap
n  the  mild  sub-group  of  ANSD  compared  to  which  sub-
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roups  of  SNHL.  The  mild  sub-group  (median  =  68)  of  ANSD
howed  a  significant  higher  hearing  handicap  than  mild
median  =  36;  U  =  45.50,  Z  =  −2.27,  p  =  0.021)  and  moder-
tely  severe  (median  =  56;  U  =  225.50,  Z  =  −1.67,  p  =  0.049)
ubgroups  of  SNHL.  Also,  though  the  total  hearing  handi-
ap  in  the  mild  subgroup  of  ANSD  (median  =  68)  had  a  higher
core  on  total  hearing  handicap  than  the  severe  sub-group  of
NHL  (median  =  54),  it  failed  to  reach  significance  (U  =  55.50,

 =  −0.63,  p  = 0.534).

omparison  of  the  World  Health  Organization
uality  of  Life  (WHO---QOL)  between  individuals
ith SNHL  and  ANSD

e  performed  a  Kruskal  Wallis  test  between  sub-groups  of
NHL  on  scores  of  each  of  the  domains  on  quality  of  life.
he  results  revealed  no  significant  difference  between  sub-
roups  of  SNHL  on  quality  of  life  (�2(2)  =  0.838,  p  = 0.658),
ealth  (�2(2)  =  0.014,  p  =  0.993),  physical  (�2(2)  =  0.091,

 =  0.955),  psychological  (�2(2)  =  0.243,  p  =  0.885),  envi-
onmental  (�2(2)  =  1.72,  p  =  0.422),  social  (�2(2)  =  1.623,

 =  0.444),  and  total  QOL  (�2(2)  =  0.743,  p  =  0.690)  (Table  4).
urther,  the  results  of  Kruskal  Wallis  test  revealed  no  signif-
cant  differences  between  sub-groups  of  ANSD  on  scores  of
uality  of  life  (�2(2)  =  0.468,  p  =  0.792),  health  (�2(2)  =  4.212,

 =  0.122),  physical  (�2(2)  =  2.16,  p  =  0.340),  psychologi-
al  (�2(2)  =  2.383,  p  =  0.304),  environmental  (�2(2)  =  0.082,

 =  0.960),  social  (�2(2)  =  0.006,  p  =  0.997),  total  QOL
�2(2)  =  0.130,  p  =  0.937)  (Table  4).

We  combined  the  scores  in  each  domain  of  quality
f  life  obtained  between  sub-groups  of  SNHL,  as  there
ere  no  significant  differences  in  them.  Similarly,  it  was
one  for  ANSD  subgroups.  Further,  we  compared  the  qual-
ty  of  life  between  SNHL  and  ANSD  groups.  The  total
core  of  quality  of  life  was  affected  more  in  ANSD  than
NHL  (Fig.  3),  which  was  found  significant  (�2(1)  =  4.454,

 =  0.035).  In  addition,  though  each  domain  of  quality  of

ife  was  affected  more  in  ANSD  than  SNHL,  it  failed  to
each  significance  in  health  (�2(1)  =  0.075,  p  =  0.785),  phys-
cal  (�2(1)  =  .238,  p  =  0.626),  psychological  (�2(1)  =  0.238,

 =  0.626),  environmental  (�2(1)  =  0.644,  p  =  0.422),  social
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Figure  3  Comparison  of  scores  of  domains  of  quality  of  life
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n sensorineural  hearing  loss  (SNHL)  and  auditory  neuropathy
pectrum  disorder  (ANSD).

�2(1)  =  2.899,  p  =  0.089)  and  total  score  of  quality  of  life
�2(1)  =  0.486,  p  =  0.486).

We  compared  the  mild  subgroup  of  ANSD  with  each  sub-
roup  of  SNHL  on  the  total  score  of  quality  of  life  using  the
ann---Whitney  U  test.  We  performed  these  comparisons  to
now  the  severity  of  quality  of  life  in  the  mild  sub-group
f  ANSD  compared  to  which  subgroups  of  SNHL.  Though  the
uality  of  life  was  worse  in  the  mild  sub-group  of  ANSD  than
each  of  the  sub-groups  of  SNHL,  it  failed  to  reach  signifi-
ance.

elationship  between  hearing  handicap  and
ttributing factors

he  attributing  factors  such  as  hearing  thresholds,  speech
erception  in  quiet,  SNR-50,  modulation  detection  thresh-
lds,  difference  limen  of  frequency,  and  quality  of  life  in
ndividuals  with  SNHL  and  ANSD  were  utilized  to  corre-
ate  with  hearing  handicap.  This  relationship  was  performed
eparately  for  SNHL  and  ANSD.  We  performed  a  Spear-
an’s  sign  rank  correlation  coefficient  between  hearing

andicap  scores  and  attributing  factors.  In  individuals  with
NHL,  we  found  a  significant  mild  degree  of  the  posi-
ive  correlation  between  the  total  hearing  handicap  scores
nd  SNR  50  (r  =  0.327,  p  =  0.022).  In  addition,  we  found

 significant  mild  degree  of  negative  correlation  between
otal  hearing  handicap  and  a  total  score  of  quality  of  life
r  =  −0.382,  p  =  0.006).  However,  no  correlation  was  found
etween  total  hearing  handicap  scores  and  an  average  of
ure  tone  averages  (r  =  0.259,  p  =  0.069).,  DLF  at  500  Hz
r  =  0.102,  p  =  0.480),  1000  Hz  (r  =  −0.002,  p  =  0.989),  2000  Hz
r  =  −0.052,  p  =  0.722),  4000  Hz  (r  =  0.062,  p  =  0.670);  and
MTF  scores  at  8  Hz  (r  =  0.084,  p  =  0.562),  64  Hz  (r  =  0.008,

 =  0.957)  and  128  Hz  (r  =  −0.079,  p  =  0.585).
In  individuals  with  ANSD,  no  correlation  was  found

etween  hearing  handicap  and  any  of  the  attributing  fac-

ors:  average  of  pure  tone  averages  (r  =  −0.024,  p  =  0.892),
NR  50  (r  =  −0.073,  p  =  0.676),  DLF  at  500  Hz  (r  =  0.243,

 =  0.160),  1000  Hz  (r  =  0.171,  p  =  0.325),  2000  Hz  (r  =  −0.104,
 =  0.551),  4000  Hz  (r  =  0.010,  p  =  0.957)  and  TMTF  scores  at  8

d
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e
t
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z  (r  =  0.157,  p  =  0.368),  64  Hz  (r  =  0.148,  p  =  0.397),  and  128
z  (r  =  −0.071,  p  =  0.921).  However,  there  was  a  significant
ild  degree  of  negative  correlation  between  total  handicap

cores  and  total  quality  of  life  (r  =  −0.365,  p  =  0.31).

iscussion

peech  perception  in  noise

ndividuals  with  sensorineural  hearing  loss  required  higher
NR  as  a  function  of  the  degree  of  hearing  loss  to  obtain
0%  speech  recognition  in  noise.  It  indicates  that  SNHL
earing-impaired  individuals  exhibit  greater  susceptibility
o  noise  with  an  increase  in  the  degree  of  hearing  loss25 and
hus  require  higher  SNRs  to  understand  speech,  suggesting
econdary  distortion  due  to  impaired  temporal  and  spec-
ral  resolution.26 Thus,  it  is  reasonable  to  assume  that  the
ncrease  in  the  degree  of  hearing  loss  requires  high  SNRs  to
et  the  contextual  cues  in  the  sentences.

The  combination  of  temporal  impairment  as  a  function
f  the  severity  of  hearing  loss27 and  alteration  of  tem-
oral  characteristics  of  sentences  by  speech-shaped  noise
egraded  the  recognition28 even  with  an  increase  in  SNRs.
he  result  of  the  study  is  in  consonance  with  the  research
tudy  of  Stach,26 who  reported  that  speech  perception  abil-
ties  are  in  proportion  to  their  pure-tone  hearing  loss.  This
s  not  true  in  the  case  of  ANSD  participants.  The  SNR-50
as  achieved  at  higher  SNR  in  the  mild-subgroup  of  ANSD

han  SNHL.  There  was  no  measurable  SNR-50  in  moderately
evere  and  severe  sub-groups  of  ANSD  when  SNR  was  set  at
0  dB  SNR  in  the  speech  recognition  test.  The  results  of  the
resent  study  are  in  consonance  with  the  previous  studies
tarr  et  al.,29 who  reported  a  bare  minimum  score  or  no
easurable  speech  perception  despite  ample  audibility  of

ound.

emporal  modulation  transfer  function

he  temporal  processing  in  ANSD  reflected  in  TMTF  is
mpaired  irrespective  of  the  degree  of  hearing  loss  for  low
odulation  frequency.  These  results  are  in  consonance  with

he  results  obtained  by  Narne.30 The  main  characteristic  of
uditory  neuropathy  is  a  significant  temporal  impairment,
ho  are  unable  to  capture  the  modulation  depth  of  the
nvelope  in  sentences  and  introduces  spurious  modulations,
hich  obscures  the  relevant  speech  modulations.30

Furthermore,  ANSD  subjects  are  unable  to  detect  the
patial  changes  in  the  excitation  pattern  along  the  basilar
embrane31 due  to  leakage  of  signal  to  neighboring  fibers.
omplete  or  partial  loss  of  myelin  in  the  auditory  nerve
as  a  significant  effect  on  the  generation  and  propagation
f  action  potentials,  as  there  is  an  increase  in  membrane
apacitance  and  a decrease  in  membrane  resistance.32

In  SNHL  it  was  observed  that  with  an  increase  in  the  sever-
ty  of  hearing  loss,  the  TMTF  are  affected  more  in  a  higher

egree  of  hearing  loss  than  their  counterpart.  Thus,  even
ith  an  increase  in  SNRs,  the  sampled  populations  of  mod-
rately  severe  and  severe  subjects  of  SNHL  partly  capture
he  cues  for  speech  perception  in  noise.
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requency  discrimination  task

requency  discrimination  cue  is  the  basis  for  speech  under-
tanding  in  noise.  In  both  SNHL  and  ANSD  participants
equired  a  larger  DLF  as  a  function  of  increased  primary
requency  tones  and  degree  of  hearing  loss.  The  ANSD  parti-
ipants  required  a  larger  DLF  than  SNHL  due  to  the  impaired
n  the  phase-locking  ability  for  discriminating  low-frequency
rimary  tones33 and  altered  spatial  changes  in  the  excita-
ion  pattern  along  the  basilar  membrane  for  discriminating
igh-frequency  primary  tone.31 Thus  it  was  observed  that
he  severity  of  impairment  in  discriminating  frequency  for
he  mild  subgroup  of  ANSD  was  almost  similar  to  that  of  the
‘severe’’  sub-group  of  SNHL.

uality  of  life

ocial  isolation,  the  decline  in  social  activities,  and
motional  distress  make  them  rate  ‘‘Not  at  all’’  and
‘somewhat’’  in  each  subscale  of  QOL  in  both  ANSD  and
NHL  participants.  Thus,  irrespective  of  the  degree  of  hear-
ng  loss  and  site  of  pathology,  the  QOL  is  equally  affected.
his  is  because  the  study  participants  might  have  reduced
elf-esteem  in  social  skills.  Besides,  hearing  loss  and  low
oping  strategies  in  them  while  communication  contributes
o  having  an  impaired  quality  of  life.

earing  handicap

he  emotional  and  social  skills  of  HHIA  in  ANSD  were  signifi-
antly  affected  than  SNHL.  This  could  be  due  to  a  sudden
nset  of  hearing  loss  in  ANSD  made  them  undergo  stress
hich  renders  them  unable  to  communicate  as  well  as  pre-
iously.  In  ANSD,  functionality  is  reduced  due  to  a  lack  of
ehabilitation  management  strategy,  which  impacted  every-
ay  life,  causing  loneliness,  social  isolation,  dependence,
nd  frustration,  and  communication  impairment.  Thus,  the
everity  of  the  hearing  handicap  in  the  mild  sub-group  of
NSD  was  similar  to  the  ‘‘severe’’  sub-group  of  SNHL.

The  participants  of  SNHL  showed  a  significant  increase
n  hearing  handicap  in  those  subjects  who  took  higher  SNR
n  dB  required  for  50%  speech  recognition  and  rated  low  in
uality  of  life.  Individuals  with  SNHL  decipher  the  meaning
f  a  sentence  in  higher  signal  to  noise  ratio  because  of  the
udibility  of  speech  over  the  noise.  Unfortunately,  in  a  daily
istening  scenario,  they  may  not  have  experience  always  an
ptimum  signal  to  noise  ratio  to  lessen  their  hearing  handi-
ap  and  quality  of  life.  Thus,  the  sampled  population  of  SNHL
ubjects  rated  increased  hearing  handicap  and  reduced  QOL
n  those  individuals  who  wanted  higher  SNR  to  recognize  50%
peech.

Furthermore,  in  ANSD,  the  hearing  handicap  was  not
elated  to  the  test  measures  taken  up  in  the  present  study
TMTF,  DLF,  SNR-50,  and  QOL).  It  purports  that  the  hear-
ng  handicap  is  equally  affected  irrespective  of  scores  in

he  measured  test  from  the  samples  of  ANSD  participants.
his  is  because  they  tend  to  compare  the  present  listening
roblem  with  their  listening  abilities  prior  to  the  hearing
oss.
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ffect  of  aging

eterioration  of  the  temporal  processing  begins  by  forth
ecade  of  life  in  individuals  with  normal  hearing.34 With
espect  to  the  frequency  discrimination  too,  the  age-related
hanges  for  difference  limen  start  after  40  years  of  age.35

hough  the  literature  purports  that  the  temporal  resolu-
ion  deteriorates  with  hearing  threshold  levels  and  not  with
ge,36 the  effect  of  aging  could  be  seen  in  individuals  with
earing  loss  too.  However,  in  the  present  study  the  mean
ge  of  all  the  subgroups  was  less  than  40  only.  The  mean
ge  for  the  SNHL  group  is  35.44  years  and  SD  is  12.57.  Simi-
arly,  the  mean  age  for  the  ANSD  group  is  26.4  years  and  SD
s  9.41  years.  But  the  effect  of  aging  could  be  more  in  the
NHL  group  as  there  were  16  participants  above  the  age  of
0  years,  while  there  were  just  2  participants  in  the  ANSD
roup  of  age  above  40  years.  But  irrespective  of  the  age
omponent,  the  issues  in  processing  can  be  attributed  to
he  neural  pathology,  as  the  deficit  which  the  individuals
ith  ANSD  experience  is  much  more  severe  than  individuals
ith  SNHL.

verall  discussion

he  mild  subgroup  of  ANSD  participants  required  significan-
ly  higher  SNR  to  achieve  50%  recognition  of  speech  than  the
ild  subgroup  of  SNHL.  However,  there  was  no  measurable

NR  for  50%  recognition  in  moderately  severe  and  severe
ub-groups  of  ANSD.  In  addition,  the  mild  ANSD  sub-group
as  a  speech  perception  impairment  similar  to  that  of  the
evere  sub-group  of  SNHL.  Larger  DLF  was  required  as  a  func-
ion  of  frequency.  This  was  true  for  each  of  the  sub-groups
f  SNHL  and  ANSD.  A  significantly  larger  DLF  was  required
n  ANSD  than  SNHL  for  each  frequency.  Also,  the  severity
f  impairment  in  discriminating  frequency  in  the  mild  sub-
roup  of  ANSD  was  similar  to  the  severe  sub-group  of  SNHL.
n  TMTF,  there  was  no  measurable  modulation  detection
hreshold  for  moderately  severe  and  severe  groups  of  ANSD
n  each  of  the  modulation  rates.  Whereas  mild  sub-group
f  ANSD  required  a  higher  modulation  detection  threshold
han  the  mild  sub-group  of  SNHL  at  8  Hz  and  64  Hz,  respec-
ively.  Besides,  temporal  resolution  impairment  in  the  mild
ub-group  of  ANSD  was  significantly  higher  than  in  each  of
he  sub-groups  of  SNHL.  The  hearing  handicap  was  more  sig-
ificantly  affected  in  ANSD  than  SNHL.  The  severity  of  the
earing  handicap  in  the  mild  sub-group  of  ANSD  was  similar
o  the  severe  sub-group  of  SNHL.  Quality  of  life  was  equally
ffected  in  both  SNHL  and  ANSD  groups.  In  the  SNHL  group,
he  SNR-50  was  positively  related,  and  QOL  was  negatively
elated  to  hearing  handicap.  Speech  perception  and  quality
f  life  were  the  contributory  factors  for  hearing  handicap  in
he  SNHL  group.  Whereas,  in  ANSD,  none  of  the  factors  are
elated  to  hearing  handicap.

onclusion

peech  perception  in  noise,  psychoacoustic  skills,  hearing

andicap,  and  QOL  was  significantly  affected  more  in  ANSD
han  SNHL  groups.  Also,  the  severity  of  the  mild  sub-group
f  ANSD  was  similar  to  those  participants  of  the  severe
ub-group  of  SNHL  in  each  of  the  behavioral  skills,  psychoa-
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oustic  skills,  hearing  handicap,  and  QOL  assessed.  Further,
he  hearing  handicap  in  SNHL  was  attributed  to  SNR-50  and
uality  of  life.  In  ANSD,  the  hearing  handicap  is  not  related
o  any  of  the  attributor  factors  undertaken  in  the  study.  The
tudy  provides  insight  into  how  much  the  mild  ANSD  subject
uffer  against  their  counterparts  who  have  a  sensory  impair-
ent.  The  finding  purports  that  ‘‘mild’’  ANSD  subjects  have

istening  impairment  similar  to  that  of  ‘‘severe’’  degree  of
NHL  subjects.  The  limitation  of  the  study  is  the  fact  that
n  the  sample  of  each  group,  we  were  unable  to  categorize
heir  hearing  handicap  or  QOL  based  on  the  scores  of  tests
easured  in  the  present  study.  This  is  because  the  sampled
opulation  rated  the  same  degree  of  hearing  handicap  or
OL  irrespective  of  the  degree  of  hearing  loss.

he implication of the study

his  study  provides  insight  into  how  much  the  mild  ANSD
ubject  suffers  against  their  counterpart  who  has  a  sensory
mpairment.  The  finding  purports  that  ‘‘mild’’  ANSD  sub-
ects  have  listening  impairment  similar  to  that  of  ‘‘severe’’
egree  of  SNHL  subjects.
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