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I N T R O D U C T I O N

The menopause  cons t i tu tes  a  watershed
in  a  woman’s  l i fe  tha t  l eads  to  p rofound
changes  in  severa l  sys tems .  As  the
rea l iza t ion  of  the  mul t i sys tem na ture  o f
these  changes  rang ing  f rom psycholog ica l

(bra in)  to  os teoporos i s  in  bone  and
cardiovascular  changes has  developed,  a lso
has the awareness that many of these changes
can  be  prevented  or  comple te ly  modi f ied
wi th  hormone  rep lacement  therapy  (1) .

Women live about one third of their lives
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Abstract :  The study was undertaken to determine the differential effects
of estrogen and progestin on auditory evoked responses in postmenopausal
women receiving hormone replacement therapy (HRT). Forty-seven women
between 45 and 70 years of age attending menopause and HRT clinic were
divided into two groups. Group I included 32 women who attained natural
menopause and receiving combined estrogen progestin therapy. While group
I I  inc luded  15  su rg ica l ly  menopausa l  women  rece iv ing  on ly  es t rogen .
Evoked potent ials  were recorded in  form of  audi tory brainstem response
(ABR), middle latency response (MLR) & slow vertex response (SVR). There
was  improvement  o f  conduc t ion  in  aud i to ry  pa thways  a t  the  l eve l  o f
brainstem and thalamocortical  projections as indicated by the decrease in
latencies of most of the waves of ABR and/ MLR after 6 months of HRT
in both the groups.  The conduction in associat ion areas,  as  indicated by
SVR, did not show a significant change. The intergroup comparison after
therapy revealed a decrease in latency of wave V and I-V interpeak latency
in group II  indicat ing that  only estrogen users  are benefi ted more.  Thus
HRT facilitates the process of sensory conduction, which may form one of
the mechanisms of  improved neuropsychological  funct ions in menopausal
women on HRT.  The addi t ion of  progest in  to  es t rogen does  not  have a
negat ive or  potent ia t ing effect  on i t .
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beyond  cessa t ion  of  the i r  reproduc t ive
capaci ty .  Hence i t  becomes a  chal lenge to
medical scientists and physicians to prevent
or retard,  not  only the physically disabling
degenera t ive  changes  bu t  a l so  the
neuropsycholog ica l  ones  so  as  to  enhance
their  qual i ty  of  l i fe  during the la t ter  third
of their lifespan. To this end it is important
to elucidate the psycho-physiological effects
of  es t rogen  and  proges t in  and  the i r
mechanism of  ac t ion .

In most psycho physiological assessments,
evoked  po ten t ia l  responses  (EPR)  a re
considered to be a useful adjunct.  However
these  have  not  been  s tudied  adequate ly  in
the  menopausa l  females .  Hence  we  had
earlier conducted a study of EPR in normal
menopausa l  females  and  found  s ign i f ican t
deviations of EPR latencies from the normal
(2) .  The  EPR’s  in  menopausa l  women on
combined  es t rogen  proges t in  therapy  was
a l so  s tud ied  by  us  (3 )  and  a  s ign i f ican t
improvement  o f  conduc t ion  in  aud i to ry
pa thway was  observed .  A hormonal
hypothesis was proposed to account for the
above  changes .  In  add i t ion  to  aud i to ry
bra ins tem response  (ABR obta ined  wi th in
0–5 ms of application of the st imulus),  the
middle  l a tency  response  (MLR be tween
8–50  ms)  & s low ver tex  response  (SVR
more than 50 ms) were also studied to assess
the  en t i re  audi tory  pa thway f rom audi tory
nerve  to  aud i to ry  cor tex  and  assoc ia t ion
a r e a s .

As an extension of our earlier work we
have  now eva lua ted  separa te ly  the  e f fec t s
of  es t rogen  and  proges t in  on  audi to ry
evoked responses . .  In  postmenopausal  HRT
proges te rones  a re  genera l ly  fe l t  to  have  a

nega t ive  o r  a t t enua t ing  e f fec t  on  the
improved global scores of well being attained
wi th  es t rogen  a lone  (4–7) .  In  the  p resen t
s tudy  we  in tend  to  ex t rac t  in fe rences
regard ing  the  d i f fe ren t ia l  e f fec t s  o f  two
hormones  on  audi tory  evoked responses .

MATERIALS AND METHODS

S u b j e c t s :

For ty-seven  pos tmenopausa l  women
between  45  & 70  years  o f  age  a t t end ing
Menopause  and  Hormone  Replacement
Therapy  c l in ic  o f  UCMS & GTB Hospi ta l
Delhi were selected over a period of eighteen
months .  The  mean  educa t ion  of  sub jec t s
were  c lass  V.  Broadly  these  females  were
divided into two groups

Group  I : Thi r ty - two women who had
a t ta ined  na tura l  menopause
(wi thout  surg ica l  removal  o f
ovar ies )  fo r  a t  l eas t  one  year
after the age of 40 yrs. They were
g iven  a  con t inuous  sequent ia l
reg imen,  which  cons i s ted  of
es t rogen  as  con juga ted  equ ine
es t rogen  (CEE)  0 .625  mg da i ly
throughout  the  month ,  and
proges t in  as  dydroges te rone  10
mg dai ly for  1–12 days of  each
ca lendar  month .

Group  I I : F i f teen  surg ica l ly  menopausa l
women i . e .  women who had
undergone  to ta l  abdomina l
hys te rec tomy wi th  b i la te ra l
salpingo-oophorectomy and were
receiving only conjugated equine
est rogen 0 .625 mg.
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from Ag/AgCl disc  e lectrodes  aff ixed with
col lod ion  a t  10 /20  in te rna t iona l  p lacement
(8) .  Pos i t ive  e lec t rode  was  kep t  a t  Cz
posi t ion,  negat ive  ( reference)  a t  ips i la tera l
ear lobule (A1) and the ground electrode at
the  fo rehead .  The  contac t  impedance  was
cons tan t ly  moni tored  wi th  an  impedance
meter  and  e lec t rode  to  sk in  con tac t
res i s tance  was  kep t  be low 5  k  ohm.
Alternating clicks at the rate of 10/sec were
de l ivered  a t  90  dB th rough  sh ie lded
earphones  wi th-40  dB pure  whi te  no ise
masking of  the  contra la tera l  ear .  For  ABR
this was then filtered (with band pass 150–
3000  Hz)  and  averaged  to  2048  s t imul i .
Record ings  were  ob ta ined  f rom each  ear
separa te ly  in  dupl ica te .  The  absolu te  peak
latency,  interpeak latency and ampli tude of
waves  were  measured  wi th  cursors  on  the
screen.  For  MLR 256 cl icks  were given at
al ternate polari ty for  0.1 ms at  the rate of
5 / sec ,  a t  in tens i ty  o f  90  dB.  SVR was
measured  by  g iv ing  64  c l icks  of  a l te rna te
pola r i ty  fo r  0 .1  ms  a t  the  ra te  o f  0 .5 / sec
and  a t  same sound  in tens i ty .

Statistics : All statistical analysis was carried
out  us ing  SPSS 10 .0  s ta t i s t i ca l  package .
Repe t i t ive  measure  ana lys i s  (ANOVA)
des ign  was  done  wi th  Tukey  tes t  and  5%
level of significance.

R E S U L T S

The  evoked  po ten t ia l  record ings  were
analyzed separately for  each ear  of  al l  the
subjects  and therefore  the  recordings  were
obta ined  f rom 64  (32 × 2)  ears  o f  g roup  I
and from 30 (15 × 2) ears of group II women.

ABR (Table  I  and II) .

In  g roup  I  pa t ien t s  (on  es t rogen

Except  fo r  pos tmenopausa l  vasomotor
symptoms like hot flushes and night sweats,
these  pa t ien t s  were  no t  suf fe r ing  f rom
any medica l  a i lments .  Exc lus ion  c r i t e r ia
w e r e

– Women rece iv ing  drug  therapy  or
psychotherapy  for  depress ion .

– His tory  of  head  in jury ,  s t roke ,  hear t
a t tack  or  a lcohol ism

– Hear ing  th reshold  more  than  40  dB

Recordings were done before  s tar t ing a
course of hormone replacement therapy (the
control values) and after six months of HRT.
Post  therapy recordings were done between
5th to 8th day of the cycle in group I and
anywhere in the cycle for group II. Informed
consen t  was  taken  f rom the  sub jec t s  and
ins t i tu tes  e th ica l  commit tee  approved  the
s t u d y .

A ba t te ry  o f  c l in ica l  t es t s ,  which
inc lude  se rum es t rad io l ,  l ip id  p rof i l e ,
blood sugar,  mammography and Pap smear,
were  performed on pat ients  before  s tar t ing
H R T .

T o o l s :

For  evoked  po ten t ia l s :  Computer ized
evoked potential recording equipment model
MEB 5200 (Nihon Kohden, Japan) with Ag/
AgCl disc electrodes was used.

P r o c e d u r e :

The  sub jec t s  were  ly ing  down and
relaxed at the time of testing in soundproof
air -condi t ioned room. EPR’s were obtained
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progesterone combination therapy) the ABR
la tenc ies  o f  waves  I ,  I I I ,  IV and  V and
in te rpeak  la tenc ies  I -V and  I I I -V were
s ign i f ican t ly  decreased  (P<0 .05)  a f te r  6
months  of  HRT (Table  I ) ,  whi le  the
amplitude of waves I and V (Table II) were
s igni f icant ly  increased  as  compared  to  the
record ings  t aken  before  s ta r t ing  HRT
(P<0.05). Similar findings were observed in
group  I I  pa t ien t s  (on ly  es t rogen  therapy)
i.e. ABR latencies of waves I, III, IV, V and

in te rpeak  la tenc ies  o f  I -V s ign i f ican t ly
decreased & ampli tudes of  wave I ,  I II  and
V significantly increased after  6 months of
therapy .  The  two groups  when  compared
af te r  the i r  respec t ive  HRT’s  revea led  a
significant decrease in latency of wave V &
l-V interpeak la tency in  group II .

MLR (Table  I I I )

In group I,  MLR latencies of waves Po,
Na and Pa were signif icantly less (P<0.05)

TABLE I : ABR latencies  in  menopausal  women on HRT.

No. of Latencies (m sec) Interpeak latancies (m sec)
ears

tested I I I III I V V I-III I-V III-V
(n)

Group I Before HRT 64 1.67± 0.13 2.71± 0.14 3.88± 0.22 5.16± 0.46 5.85± 0.28 2.20± 0.27 4.17± 0.29 2.33± 0.38
After HRT 64 1.49± 0.02* 2.56± 0.43 3.59± 0.22* 4.85± 0.32* 5.61± 0.30* 2.10± 0.23 3.86± 0.39* 1.96± 0.29*

Group II Before HRT 30 1.70± 0.1 2.72± 0.13 3.92± 0.39 5.06± 0.35 5.82± 0.25 2.21± 0.37 4.11± 0.16 1.89± 0.36
After HRT 30 1.47± 0.02* 2.57± 0.02 3.61± 0.02* 4.79± 0.11* 5.53± 0.16* 2.13± 0.11 4.05± 0.19* 1.82± 0.15

*P<0.05.

TABLE II : ABR Amplitude (mV) in menopausal  women on HRT.

Ampl i tude  in  mV
No. of ears
tested (n) I I I I V

Group I Before HRT 64 0.33± 0.02 0.35± 0.02 0.37± 0.03
After HRT 64 0.36± 0.01* 0.36± 0.03 0.41± 0.02*

Group II Before HRT 30 0.33± 0.02 0.35± 0.02 0.38± 0.02
After HRT 30 0.36± 0.02* 0.37± 0.02* 0.40± 0.02*

*P<0.05.

TABLE III : MLR latencies (m sec) in menopausal  women on HRT.

No. of ears
N o Po N a P a N btested (n)

Group I Before HRT 64 9.96± 0.35 14.09± 0.52 17.25± 0.45 24.81± 0.46 38.09± 0.99
After HRT 64 9.82±0.67 13.15± 0.49* 16.25± 0.48* 20.41± 0.75* 37.51± 1.05

Group II Before HRT 30 9.88± 0.43 14.17± 0.61 17.25± 0.56 24.87± 0.32 37.81± 1.04
After HRT 30 9.61± 0.82 13.30± 0.53* 16.44± 0.61* 19.98± 0.45* 36.68± 1.09*

*P<0.05.
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after  HRT. The latencies  of  waves No and
Nb were also decreased af ter  HRT but  the
va lues  cou ld  no t  reach  the  l eve l  o f
significance. Similar findings were observed
in group II,  with an additional significantly
decreased la tency of  Nb.  The groups when
compared  a f te r  the i r  respec t ive  HRT’s
revea led  no  s igni f icant  d i f fe rence  in  MLR
w a v e s .

SVR :

In  bo th  group  I  and  I I  the  t rend  i s
towards  a  decrease  in  l a tency  of  a l l  the
waves after HRT but it  could not reach the
level of significance.

There  was  no  s ign i f ican t  d i f fe rence  in
the  record ings  be tween  the  two ears  o f  a
sub jec t .

D I S C U S S I O N

The present study shows the improvement
in the conduction of the auditory pathways
after six months of HRT in both the groups
(es t rogen  +  proges te rone  and  es t rogen
a lone) .  The  conduc t ion  was  s ign i f ican t ly
improved a t  the  level  of  bra in  s tem up to
the  aud i to ry  cor tex  as  ind ica ted  by  the
decrease in latencies of  most  of  the waves
of  ABR and  MLR and  a l so  a  decrease  in
interpeak latencies of ABR waves. While the
audi to ry  assoc ia t ion  a reas  as  ind ica ted  by
SVR d id  no t  show a  s ign i f ican t  change .
Caruso  e t  a l  (9 )  have  a l so  shown s imi la r
results for ABR’s in postmenopausal women
treated with  HRT.  In  their  HRT group the
ABR wave latencies and interpeak latencies
were  shor te r  than  those  f rom women
not  t ak ing  HRT over lapp ing  those  of
the  premenopausa l  women.  This  i s  in

agreement . ,  wi th  the  sugges t ions  made  by
Rosenhamer (10) for  the possible influence
of the hormonal factor on sensory conduction.
This  v iew was  fur ther  s t reng thened  by
others  (11–16) .

In  our  p rev ious  s tudy ,  the  combined
(es t rogen  +  proges t in )  hormonal  therapy
for 6 months resulted in a decrease in most
of  the  la tencies  and in terpeak la tencies  of
ABR (3) .  These  parameters  were  ea r l i e r
repor ted  by  us  to  be  increased  in
menopausal  females  as  compared to  young
adul t  females  po in t ing  towards  a  de layed
neura l  t ransmiss ion  due  to  a  changed
hormonal  mi l ieu  of  sex  hormones  a f te r
menopause  (2) .  The  sex  hormones  were
proposed to  be  responsible  for  increase  in
audi to ry  conduc t ion .

The  presen t  s tudy  d id  no t  show much
difference in the values of auditory evoked
potentials between the two groups (estrogen
+ progest in  as  compared to  es t rogen users
a lone) .  Al though  the  two a f te r  t rea tment
groups when compared revealed a  decrease
in  l a tency  of  wave  V and  I -V in te rpeak
latency in group II (only estrogen users) for
ABR, while MLR and SVR did not show a
significant change. Similar findings on ABR
were also reported earlier (9). Slightly better
resul ts  of  Gp I I  (only  es t rogen users)  can
be explained on the basis of earlier reports
(17, 18) that there are interactions between
estrogen and acetylcholine for improvement
of  sensory t ransmission and the possibi l i ty
of acetylcholine as one of the neurotransmitters
in auditory pathway (19). Estrogen is known
to  d i rec t ly  in f luence  neurochemica l
t ransmi t te r  sys tems  a f fec ted  in  normal
ag ing  Alzhe imer’s  d i sease  and  o ther
neuropsychia t r i c  d i sorders .  For  example
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estrogen in the central  auditory conduction
as  wel l .  I t  was  repor ted  ea r l i e r  tha t  the
latencies of most of the waves of MLR were
s ignif icant ly  lower  in  young adul t  females
as  compared  to  males .  But  th i s  d i f fe rence
disappeared in  e lder ly  subject ’s  (26) .  This
was  no t  due  to  smal le r  s ize  o f  b ra in  in
women and  hence  a  shor te r  neura l
transmission pathway because the difference
disappeared at  a  later  age.  This  could also
not  be  exp la ined  on  the  bas i s  o f  marked
cerebral involution in elderly women. Since
electrophysiological  s tudies  demonstrated a
predominance of low rhythms (relative delta
activity) in elderly men, whereas in elderly
women, the relative beta activity prevailed,
an index of a more marked aging process in
male’s (27). Hence the hormonal hypothesis
aga in  s tands  t rue  fo r  MLR’s  s ince  the i r
l a tenc ies  a re  observed  to  be  s ign i f ican t ly
improved  in  women on  HRT of  bo th  the
g r o u p s .

In  the  SVR there  was  no  s ign i f ican t
dif ference obtained on HRT in  the  present
s tudy .  This  can  be  exp la ined  as  these
components  have  widespread  d i s t r ibu t ion
over the fronto-parietal  scalp area (28) and
i t  is  diff icul t  to  pick them up by a  s ingle
ac t ive  e lec t rode .  Even  i f  they  a re  loca ted
precisely,  they do vary with certain factors
like sleep and level of alertness (29). Hence
MLR’s  a re  a  more  sens i t ive  ind ica tors  o f
conduc t ion  in  h igher  aud i to ry  pa thways .
Li tera ture  is  def ic ient  in  the  data  of  MLR
and SVR in menopausal women taking HRT,
but  s ince these are exploring a wider t ract
of  aud i to ry  pa thway i . e .  t emporopar ie ta l
associa t ion cor tex up to  the  f ronta l  cor tex
is a more complete and appropriate method
than  ABR a lone  for  t es t ing  the  sensory
audi to ry  pa thways .

es t rogens  can  modula te  the  se ro tonerg ic ,
cholenergic  and dopaminergic  systems (20,
21). In addition to direct effects on neurons,
es t rogens  a l so  work  wi th  neuro t rophins
(such as  nerve  growth fac tor)  to  s t imula te
indirect ly  nerve cel l  growth (22) .  Estrogen
a lso  has  a  neuropro tec t ive  ac t ion  (23)
against  several  toxins that boost production
of free radicals,  including glutamate (which
is  tox ic  in  h igh  concen t ra t ions )  and  be ta
amylo id .

In post  menopausal  HRT progest ins  are
genera l ly  fe l t  to  have  a  nega t ive  o r
a t tenua t ing  e f fec t  on  the  improved  g loba l
scores of well  being attained with estrogen
alone (4–7) .  But  the present  s tudy has not
shown much  d i f fe rence  in  the  two groups
ind ica t ing  tha t  p roges te rone  i s  ne i ther
oppos ing  nor  po tenc ia t ing  the  e f fec t s  o f
es t rogen  as  fa r  as  aud i to ry  conduc t ion  i s
conce rned .

As  per  Voig t  and  o thers  (24)  es t rogen
users  incur  a  r i sk  o f  endomet r ia l  cancer
th ree  t imes  tha t  o f  non-users  wi th
unopposed es t rogen use.  In  one s tudy (25)
the  inc idence  of  endomet r ia l  hyperp las ia
was  cons iderab ly  lower  in  a  g roup  g iven
t ransdermal  es t radio l  p lus  cycl ic  proges t in
than in a group of women given unopposed
transdermal  es t radiol .  In  the  present  s tudy
unopposed estrogen was given to only those
women who had  hys te rec tomy done  and
there fore  th i s  s ide  e f fec t  o f  es t rogen  was
exc luded .

In  middle  l a tency  response  (MLR)  the
latencies  of  waves Po,  Na & Pa decreased
signif icant ly  af ter  HRT in both the groups
in  the  p resen t  s tudy  aga in  ind ica t ing  tha t
proges t in  i s  not  inf luencing  the  ef fec ts  of
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Conclusion : The present  s tudy reveals  the
improvement  o f  conduc t ion  in  aud i to ry
pa thways  a t  the  l eve l  o f  b ra ins tem and
thalamocort ical  project ions  as  indicated by
the  decrease  in  l a tenc ies  o f  mos t  o f  the
waves of ABR and MLR after 6 months of
HRT in both the groups. The conduction in
association areas,  as indicated by SVR, did
not  show a  s ign i f ican t  change .  The
in te rgroup  compar i son  a f te r  therapy

revea led  a  decrease  in  la tency  of  wave  V
and  I -V in te rpeak  la tency  in  g roup  I I ,
ind ica t ing  tha t  on ly  es t rogen  users  a re
benef i ted  more .  Thus  HRT fac i l i t a tes  the
process  of  sensory  conduct ion ,  which  may
form one  of  the  mechanisms  of  improved
neuropsychological  functions in menopausal
women on HRT.  The addi t ion of  progest in
to estrogen does not have a negative effect
on i t .
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