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Abstract  :  Ageing is  associated with a  decl ine in short- term indexes of
hear t  ra te  var iab i l i ty  (HRV).  But  there  i s  l i t t l e  ev idence  regard ing  the
ex ten t  to  which  age- re la ted  changes  in  HRV depend  on  s imul taneous
changes in levels of estrogen and body composition as it  occurs from pre
menopausal  state to postmenopausal  state.  The purpose of this study was
( i )  to  compare  HRV be tween  p re  and  pos tmenopausa l  women ,  ( i i )  to
determine whether difference in age, estrogen level and body composition
could account for the difference in HRV between these two groups. HRV
was  assessed  us ing  spec t ra l .  ana lys i s  and  es t rogen  leve l  was  es t imated
us ing  rad io immunoassay  t echn ique .  The  body  compos i t ion ,  in  t e rms  o f
percent fat ,  was assessed using measurement of skin fold thickness.  Data
was analyzed both before and after  adjusting for age,  estrogen level  and
body composition. It  was found that the total power, high frequency (HF)
and the low frequency (LF) power spectrum of HRV in absolute units were
significantly lower (P<0.001) in postmenopausal  women compared to that
of premenopausal  women. Postmenopausal  women had significantly lower
HF (P<0.01) and higher LF (P<0.01) when expressed in normalized units.
The ratio of LF/HF, the index of sympathovagal balance was significantly
higher  (P<0.01)  among postmenopausal  women.  Analys is  af ter  adjus t ing
for age, revealed that age was one of the important confounder, responsible
for the differences in all  the components of power spectrum between the
two study groups. Difference in estrogen level contributed for the difference
in relative values of HF and LF components of HRV. Difference in body
composition did not explain the difference in HRV between the groups. The
study concludes that both ageing and declined estrogen levels are associated

wi th  the  autonomic  a l te ra t ions  seen among pos tmenopausal  women.
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INTRODUCTION

Autonomic control of the heart plays an
impor tant  ro le  in  card iac  mor ta l i ty  (1 ,  2) .

One  of  the  main  charac te r i s t i cs  o f  the
autonomic  cont ro l  to  hear t  i s  the  cons tant
modi f ica t ion  of  hear t  ra te  on  bea t - to -bea t
basis. The periodic fluctuations of heart rate
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observa t ion  tha t  the  excess  r i sk  o f
card iovascu la r  d i sease  in  women who
underwent oophorectomy in young adulthood
is  prevented by estrogen.  In  addi t ion,  data
shows a significant reduction in the risk of
hear t  d isease  in  women who take  es t rogen
after a non-surgical menopause (11, 12).

Analys i s  o f  HRV among pre  and  pos t
menopausal women can be used to evaluate
the adaptations of autonomic nervous system
in  women re la ted  changes  due  to  age ing ,
decreased  benef ic ia l  e f fec t s  o f  na tura l
es t rogen  and  a l te red  body  compos i t ion .
Because  inc idence  ca rd iovascu la r  i l lness
increases  wi th  age ing  in  women r i s ing
sharp ly  approximate ly  a t  the  t ime  of
menopause ,  th is  s tudy pos tu la ted  tha t  pre-
menopausal  women have greater  HRV than
post menopausal women. Further,  difference
in HRV among pre-menopausal women could
be associated with age, difference in estrogen
level and body fat.

In the present study our objectives were
to  compare  hear t  ra te  var iab i l i ty  (HRV)
between premenopausal  and postmenopausal
women, and to determine whether difference
in age, estrogen level and body composition
could  account  fo r  the  d i f fe rence  in  HRV
between these  two groups .

MATERIALS AND METHODS

S u b j e c t s

A total of 64 healthy volunteers in which,
38  premenopausa l  women be tween the  age
group of 20–40 years and 28 post menopausal
women between the age group of 40–55 years
were  s tud ied .  The  par t i c ipan ts  were
recrui ted f rom the res idents  in  and around
the medical college. All the post menopausal
women included reported that  they a l l  had
menopause  na tura l ly  a t  l eas t  two  years

are  indicat ive  of  the  re la t ive  contr ibut ions
of  sympathe t ic  and  parasympathe t ic
components of autonomic nervous system to
the  hear t .  Spec t ra l  ana lys i s  o f  HRV has
shown a t  l eas t  two  d i s t inc t  reg ions  o f
periodicity in heart rate. In combination with
s tud ies  o f  var ious  pharmacolog ica l  o r
physiological manipulations, it  has shown at
least  two dis t inct  regions of  per iodici ty  in
heart rate. The power at high frequency peak
corresponds to respiratory s inus arrhythmia
reflects  mainly cardiac vagal  funct ion.  The
low f requency  peak  i s  in f luenced  by
barorecep tor  media ted  regu la t ion  of  b lood
pressure  and  re f lec t s  p redominant ly
sympathet ic  ac t iv i ty .  In  addi t ion,  the  ra t io
of  LF/HF has  been  used  to  re f lec t  the
sympathovaga l  ba lance .  Low HRV ref lec t s
reduced parasympathetic activity or elevated
sympathetic tone (3, 4, 5) and is considered
an important  cardiovascular  r isk factor  (6) .
A reduction in HRV is associated with ageing
(7) ,  a l tered nutr i t ional  s tatus (8)  decreased
physica l  ac t iv i ty  level  (9)  and many other
physiological conditions.

Menopause  i s  mul t id imens iona l  and
inf luenced  by  many endogenous  and
exogenous  fac tors  main ly  perce ived  as
reproduc t ive  hormone  def ic iency .  The i r
def ic iency  a f fec t s  many  metabol ic  and
physiological  functions within the women’s
body  inc lud ing  card iovascu la r  sys tem.
Epidemiological  s tudies have indicated that
women have  a  lower  inc idence  of
card iovascu la r  d i sease  compared  to  the i r
male counterparts but this difference become
decrease after menopause (10). A difference
in  r i sk  for  card iovascular  d i sease  be tween
pre-menopausal  and postmenopausal  women
is not  explained by any of  the classic r isk
factor for heart disease. A cardio protective
ro le  fo r  es t rogen  i s  suppor ted  by  the
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2 . Anthropomet r ic  measurements :  These
inc luded  the  measurement  o f  sk in- fo ld
thickness at biceps, triceps, sub-scapular
and  supra- i l i ac  s i tes .  The  logar i thm of
the  sum of  four  sk in  fo ld  was  used  in
age  and  gender  spec i f ic  equa t ions  to
obtain an estimate of body fat (13).

3 . Fo l lowing  the  an thropomet r ic
measurements ,  da i ly  phys ica l  ac t iv i ty
leve l  was  es t imated  us ing  a  va l ida ted
phys ica l  ac t iv i ty  ques t ionna i re  which
assessed  phys ica l  ac t iv i ty  pa t te rn  over
the  p reced ing  month  (14) .  Phys ica l
activity level was calculated as 24 hour
energy expendi ture /basal  metabol ic  ra te
(15).

4 . Assessment  of  HRV : To quant i fy  hear t
rate, the analog ECG signal was obtained
using lead II to obtain a QRS complex of
sufficient amplitude and stable base line.
ECG signals  were  conveyed through an
A/D conver te r  (Biopac  MP 30 ,  Biopac
sys tem INC.  Santa  Barbara ,  CA)  a t  a
sampling frequency of 500 Hz to PC and
were  ana lyzed  of f l ine  a f te r  v i sua l
check ing  of  abnormal  ECG.  Hear t  ra te
var ia t ion during normal  breathing for  a
period of  5 minutes was recorded,  with
subjec t  supine ,  awake and res t ing .  The
data gathered was subjected to frequency
domain analysis of HRV.

5 . Frequency  domain  ana lys i s  was
performed us ing non-parametr ic  method
of  Fas t  Four ie r  Transformat ion .  Data
was  ed i ted  manua l ly  fo r  a r t i fac t s  and
ectopic beats. HRV software used a peak
detection algorithm to find the ‘R’ wave,
which was done at  a resampling rate of
‘4  Hz’ .  A minimum of  256 data  points
was  requ i red  to  per form a  spec t ra l
ana lys i s .  To  a t t a in  256  da ta  po in t s  a
duration of 5 minutes of ECG recording
was  requ i red .  The  l inear  t rend  was

before .  Premenopausa l  women had  a
regular  menstrual  cycle ?  The exper imental
procedures  were  per formed dur ing  the
fol l icular  phase ,  when hormonal  var ia t ions
are  no t  in f luenced  by  proges te rone .
Af te r  de ta i l ed  enqui ry  of  the  medica l
history of the subjects,  those with diabetes,
hypertension or other cardiovascular disease,
h i s to ry  of  smoking  and  a lcohol i sm were
excluded. Subjects on oral contraceptive pill,
hormonal  rep lacement  therapy ,  d rugs  tha t
alter the cardiovascular functions were also
excluded f rom the  s tudy.  Informed wri t ten
consent  was obtained from al l  part icipants ,
and  the  exper iment  pro tocol  was  approved
by Ethics committee of the college.

Exper imenta l  protoco l

Subjects  were  screened af ter  measur ing
height (stadiometer Nivotise Brivete Dopse,
France), weight (Soehnle-Waagen GmbH and
C, Murrhardt, Germany) and recording basal
b lood  pressure  and  hear t  ra te .  The  basa l
recording of blood pressure was done using
sphygmomanometer  by s tandard Riva Rocci
method.  The  exper iments  were  car r ied  out
in  the  morn ing  in  fas ted  s ta te .  Subjec t s
refrained from caffeinated beverages for  at
least 12 hours prior to the experiments and
had completed their evening meal by 9 P.M.
they were also instructed to avoid strenuous
physical activity from the previous evening.

All  the subjects-underwent  the different
tests for the study in following order :

1 . Blood sample collection - 5 ml of venous
b lood  samples  were  drawn f rom an te -
cubital vein from the female subjects and
serum was  separa ted .  Samples  were
s to red  a t  –70°C un t i l  fu r ther  ana lys i s .
Serum es t rad io l  assay  was  per formed
us ing  Enzyme- immuno-assay  technique
(omega diagnostic,  Apha prime).
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removed from each data set to avoid its
con t r ibu t ion  to  low f requency  power .
The  power  f requency  spec t rum was
subsequent ly  quan t i f i ed  in to  s tandard
f requency  –  domain  measurements  as
def ined  prev ious ly  (5 )  inc lud ing  to ta l
variance, HF (0.15–0.4 Hz), LF (0.04–0.15
Hz) and LF/HF.

S t a t i s t i c s

Stat i s t ica l  analys is  was  performed wi th
an SPSS package (version 10.5) .  Normali ty
of  the  d i s t r ibu t ion  was  assessed  wi th  the
Kolmogorov-Smirnov  goodness  o f  f i t  t e s t .
Because of  skewed dis tr ibut ion of  absolute
va lues  o f  spec t ra l  powers ,  they  were  a l so
ana lyzed  a f te r  logar i thmic  t rans format ion .
Data  a re  expressed  as  mean ± SEM.  Data
be tween  the  s tudy  groups  were  compared
using unpaired  Student  t - tes t .  Contr ibut ion
of  fac tors  l ike  age ,  body  compos i t ion ,
es t rogen  leve l  on  the  d i f fe rences  in  HRV
between  two s tud ies  groups  were  assessed
using ANCOVA. Differences were considered
stat ist ical ly significant  at  P<0.05.

RESULTS

Of  the  seven ty  hea l thy  vo lun teers  (39
premenopausa l  and  31  pos t  menopausa l
women) or iginal ly  enrol led in  the s tudy,  3
were  exc luded  (1  p remenopausa l  and  2
pos tmenopausa l  women)  due  to  f requent
premature  ven t r icu la r  bea t s ,  and  inab i l i ty
of software to analyze the HRV.

Table  I  shows  sub jec t  charac te r i s t i cs
of  s tudy  popula t ion .  I t  has  shown tha t
basal  sys to l ic  and dias to l ic  b lood pressure
were  s ign i f ican t ly  h igher  (P<0 .001)  in
postmenopausal  women than premenopausal
women.  The  basa l  hear t  ra te  d id  no t
significantly differ between the study groups.
Body mass index and percent fat  were also
s ign i f ican t ly  h igher  (P<0 .001)  among
pos tmenopausa l  women.  As  expec ted ,

TABLE I : Sub jec t  cha rac te r i s t i c s ,  an th ropomet r i c
measures ,  phys ica l  ac t iv i ty  and  es t rogen
leve l .

Pre- Post-
Parameters menopausal menopausal

(n=39) (n=31)

Age (yrs) 30.1± 0.86 48.5± 0.64*

Weight (kg) 53.1± 0.95 56.1± 0.9

Systolic blood pressure 111± 6.8 118± 1.73*
(mm of Hg)

Diastolic blood pressure 76± 0.7 81±1.2*
(mm of Hg)
Basal heart rate (BPM) 64.75± 1.2 66± 1.3
Body mass index 21.7± 0.33 23.1± 0.3*
Fat percent 27.59± 1.1 33.3± 0.91*
Fat mass (kg) 14.28± 0.9 18.2± 0.02*
Fat free mass (kg) 36.92± 0.57 36.5± 0.78*
Physical activity level 1.65± 0.02 1.69± 0.02
Estrogen (pg/ml) 137 (n=18) 11.2** (n=15)

Data expressed as mean and SEM; **P<0.01; *P<0.05.

estrogen level in postmenopausal women was
s ign i f ican t ly  lower  than  premenopausa l
women (P<0.001). Physical activity level did
not  show any difference between the s tudy
groups .

HRV parameters  were  ana lysed  bo th
before and after adjusting for age, estrogen
level and body composition. Table II provides
analysis  of  HRV expressed as  tota l  power,
h igh  f requency  power  spec t rum,  low
frequency  power  spec t rum,  LF/HF ra t io

TABLE I I : Compar i son  o f  HRV spec t ra l  power
be tween  the  s tudy  g roups .

Pre- Post-
Parameters menopausal menopausal

(n=38) (n=30)

Total power (ms2) 1524± 228 478± 82**

High frequency 869± 129 209± 56**
power (ms2) (HF)

Low frequency 655± 117 269± 45**
power (ms2) (LF)

High frequency 55.46± 2.5 43.81± 2.43**
(normalized)

LF/HF 0.94± 1.09 1.45± 0.6*

Data expressed as mean and SEM; **P<0.01; *P<0.05.
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obta ined for  two of  the  s tudy groups .  The
absolute power of spectral data of HRV were
ana lysed  bo th  pr io r  to  and  fo l lowing  log
t rans format ion  due  to  skewed d i s t r ibu t ion
of the data. Since the results obtained were
s imi lar  for  both  ana lyses ,  the  s igni f icance
levels  were represented only for  data prior
to  logar i thmic  t ransformat ion .

I t  was  found  tha t  the  HF,  LF power
spectrum of HRV in absolute units  and the
to ta l  power  were  s ign i f ican t ly  lower
(P<0.001)  in  pos tmenopausa l  women
compared  to  tha t  o f  young  women.  Pos t
menopausal  women had s ignif icant ly  lower
HF (P=0.009) and higher LF (P=0.003) when

normalized for total power. The ratio of LF/
HF, the index of sympathovagal balance was
s ign i f ican t ly  h igher  (P=0 .017)  among
pos tmenopausa l  women.

Analys i s  a f te r  ad jus t ing  for  age  us ing
ANCOVA revealed that age was one of the
impor tan t  confounders  respons ib le  fo r  the
differences in al l  the components of  power
spec t rum be tween  the  two s tudy  groups .
Di f fe rence  in  es t rogen  leve l  be tween  the
s tudy  groups  cont r ibuted  to  the  d i f fe rence
only  in  re la t ive  va lues  o f  HF and  LF
components of HRV, Analysis after adjusting
for percent body fat indicated “that it is not
the confounding factor for difference in HRV
indices  between the s tudy groups.

DISCUSSION

In  tes t ing  ca rd iac  au tonomic  nervous
sys tem var ious  t echniques  and  maneuvers
have been developed to detect  the integrity
of  the  sympathe t ic  and  parasympathe t ic
nervous system. Most of the techniques such
as cold pressor test ,  valsalva maneuver and
the  t i l t ing  table  tes ts  have  focused on the
evoked  response  of  au tonomic  nervous
system (16). The evoked activities, however,
might not reflect the tonic state of the body.
Besides being a noninvasive study procedure,
an important advantage of frequency-domain
analysis of HRV is that it utilizes spontaneous
f luc tua t ion  in  hear t  ra te  to  es t imate  ton ic
au tonomic  nervous  func t ions .  However ,  i t
should be noted that  a controlled condit ion
is required for spontaneous ANS functional
record ing .  In  the  p resen t  s tudy ,  we  used
spectral analysis of HRV while subjects were
in  sup ine ,  re lax ing  and  res t  in  a  qu ie t
condition. Since,  the daily physical activity
level  is  considered as  one of  the potent ia l
confounders  in  the  measurement  o f
au tonomic  nerve  ac t iv i ty  (17) ,  the  s tudy
groups  were  con t ro l led  fo r  the  phys ica l

Fig. 1 : Components of HRV in premenopausal women
(above) and postmenopausal  women (below).
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activity levels in this study. Previous study
(18) on comparison of HRV of pre-menopausal
wi th  pos tmenopausa l  women us ing  t ime
domain  indexes  had not  cont ro l led  for  the
phases  o f  mens t rua l  cyc le  dur ing  sub jec t
rec ru i tment ,  desp i te  the  poss ib i l i ty  o f
ovar ian  hormonal  in f luences  on  ANS
func t ion .  In  the  p resen t  s tudy ,  a l l  p re -
menopausal  subjects  were recrui ted for  the
s tudy ,  dur ing  the i r  fo l l icu la r  phase  of  the
mens t rua l  cyc le  fo r  con t ro l l ing  the
part ic ipants  to  the menstrual  cycle  as  wel l
as to find out the contribution estrogen for
difference in HRV between the study groups.
To our knowledge, this is the first report to
find out the contribution of factors like age,
body  compos i t ion  and  es t rogen  leve l  fo r
difference in HRV between postmenopausal
and young women.

The  s tudy  ind ica ted  tha t  the re  was
s ign i f ican t  d i f fe rence  in  HRV be tween
pos tmenopausa l  and  young  women.  I t  was
also found that post menopausal women had
a significantly reduced overall fluctuation in
autonomic input to the heart and vagal index
of  HRV which  i s  re f lec ted  by  lower  to ta l
power  and  HF in  abso lu te  power  in  pos t
menopausal women than young women. The
higher relative power of LF and ratio of LF
to HF in  post  menopausal  women suggests
that postmenopausal status is associated with
sh i f t ing  card iac  au tonomic  tone  towards
sympathet ic  dominance.  Such physiological
changes may be confounded by age, declined
estrogen level, and increased body fat content
those  take  p lace  f rom premenopausa l  to
pos tmenopausa l  s ta tus .

Our  ana lys i s  o f  resu l t s  a f te r  ad jus t ing
forage ,  ind ica te  tha t  age  i s  the  major
de te rminant  o f  HRV,  account ing  for  the
dif ferences  in  a l l  indices  of  HRV between
the study groups. Several studies have shown

reduc t ion  in  au tonomic  modula t ion  wi th
age ing  in  bo th  genders  (19) .  Age ing  i s
associated with an increased dependency on
sympathetic control of cardiac responses and
reduced vagal  respons iveness .  The  b lunted
vagal modulation of the heart may be related
to  a l t e red  neura l  vaga l  d i scharge  to  s ino-
atrial node or to a change in the ability of
the cardiac pacemaker itself. Cardiac electro
phys io log ica l  s tud ies  have  demons t ra ted  a
progressive decline in sinoatr ial  conduction
and  s inus  node  recovery  t ime  wi th  age .
Studies have revealed an increase in empty
Schwan ce l l  bands ,  o r  reduced  number  o f
fibers in the vagus nerve among old subjects
(20) .  Al te red  au tonomic  modula t ion  wi th
ageing also can be explained by dysfunction
of  barorecep tor  mechanism.  Increase  in
c i rcu la t ing  leve l s  o f  norep inephr ine  and
thereby  sympathe t ic  over  ac t iv i ty  might
account for  reduced vagal  efferent  drive in
advancing age (21).

Compar ing  HRV,  a f te r  ad jus t ing  for
es t rogen  leve l ,  the  present  s tudy indica tes
tha t  dec l ine  in  es t rogen  leve l  in
postmenopausal women is also a confounder
for difference in ratio of LF to HF between
two s tudy  groups .  Di f fe rence  in  es t rogen
level between the groups did not contribute
for  the  d i f fe rences  in  to ta l  power  and
abso lu te  powers  o f  bo th  HF and  LF.
Therefore  p resen t  s tudy  sugges t s  tha t
dec l ine  in  l eve l  o f  es t rogen  f rom
premenopausa l  to  pos tmenopausa l  s ta tus
favors  the  sh i f t ing  of  au tonomic  ba lance
towards  the  sympathe t ic  dominance .
Premenopausa l  women produce  o ther
hormones in addition to estrogens. However,
in  th i s  s tudy ,  HRV is  no t  in f luenced  by
proges te rone  s ince  s tudy  was  per formed
dur ing  fo l l i cu la r  phase  in  p remenopausa l
women dur ing  which  proges te rone
concentrat ion is  only at  the basal  level .
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Ear l ie r  s tudies  based  on  the  autonomic
changes  before  and  a f te r  oophorec tomy in
premenopausa l  women have  shown tha t
estrogen has a role in increasing vagal and
reducing “sympathet ic  ac t ion  (22) .  S imi lar
observations were also made by studying the
ef fec t  o f  con juga ted  es t rogen  rep lacement
therapy  in  revers ing  the  vaga l  def ic i t  in
pos tmenopausa l  women (23 ,  24) .  Another
s tudy  which  focused  on  the  changes  of
au tonomic  func t ions  dur ing  the  mens t rua l
cyc le  in  p remenopausa l  women found  tha t
parasympathet ic  ac t iv i ty  i s  predominant  in
fo l l i cu la r  phase  (25) .  The  s tudy  on
card iovascu la r  au tonomic  func t ion  in
pos tmenopausa l  women ind ica ted  the
reduc t ion  in  au tonomic  modula t ion  in
postmenopausal  women compared to  young
women by est imat ing HRV in t ime domain
method ,  where  in ,  sub jec t  rec ru i tment  o f
young  women was  per formed randomly
without  considering the phase of  menstrual
cycle (15).

Findings of our study based on frequency
domain measures of HRV suggests that even
in physiological  doses,  estrogen contributes
to the alterations in sympathovagal balance.
This is reflected by increased sympathovagal
ba lance  among pos tmenopausa l  women,
having lower levels of estrogen. Sympathetic
hyperac t iv i ty  has  been  l inked  to  the
deve lopment  o f  a therosc le ros i s ,  ca rd io-
vascular hypertrophy, cardiac arrhythmia and
sudden death .  Elevated  card iac  modula t ion
of heart  rate is  associated with an increase
in cardiac electrical stability and a resistance
to ventr icular  f ibr i l la t ion,  thus resul t ing in
lower risks of cardiac sudden death (26). Our
f ind ings  sugges t  tha t  by  enhanc ing
sympathet ic  dominance ,  decreased  level  of
estrogen in postmenopausal women produces
an  unfavorab le  a l t e ra t ion  in  ca rd iac
autonomic  funct ion.

There  a re  severa l  mechanisms  th rough
which  reproduc t ive  hormonal  s ta tus  may
inf luence  ca rd iovascu la r  au tonomic
reac t iv i ty .  These  inc lude  a l t e r ing  recep tor
sens i t iv i ty ,  dens i ty  o r  neuro t ransmi t te r
availability. The role of estrogen on cardiac
au tonomic  modula t ion  ac t ion  can  be
expla ined  by  the  e f fec t  o f  es t rogen  on
enhanc ing  the  cho l inerg ic  muscaran ic
activity in central  nervous system and such
modulat ion at  central  and peripheral  levels
tends  to  suppress  sympathe t ic  bu t  e leva te
parasympathet ic  tone (27) .

Increased  body fa t  has  been associa ted
with increased sympathetic nervous activi ty
and decreased parasympathetic activity (28).
In the present  s tudy,  percent  body fat  was
s igni f icant ly  h igher  among pos tmenopausal
women, compared to that  of  young women.
After  adjus t ing for  body fa t ,  i t  was  found
that greater body fat among postmenopausal
women did not  contr ibute  to  the decreased
HRV indices in absolute power and increased
sympathovagal balance among postmenopusal
women. This could be due to the recruitment
of the subjects from postmenopausal groups
within the normal  BMI.

In conclusion, on study indicates that age
is  an important  confounder  responsible  for
lower  HRV in  pos tmenopausa l  women
compared to that of young women. Further,
decline in estrogen level  is  associated with
increased  sympathovaga l  ba lance  in
pos tmenopausa l  women.
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