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Abstract :  Incidence of  coronary artery disease (CAD) increases sharply
a f t e r  menopause  in  women .  Ra te  p ressure  p roduc t  (RPP)  i s  a  ma jo r
determinant of cardiac oxygen consumption. It is an important indicator of
ven t r i cu la r  func t ion .  RPP var ies  wi th  exerc i se .  The  peak  ra te  p ressure
product (PRPP) which gives an accurate reflection of the myocardial oxygen
demand  and  myocard ia l  work load  i s  the  RPP a t  peak  o f  exerc i se .  The
higher the PRPP, the more will be myocardial oxygen consumption (MVO2).
The ability to reach higher PRPP is associated with more adequate coronary
perfusion. Thus the low value of PRPP suggests significant compromise of
coronary perfusion and decreased left  ventricular function.  In the present
study effect  of  exercise on RPP of  pre and postmenopausal  women with
CAD was compared. The percentage increase in RPP was significantly more
in postmenopausal women with CAD (62%) as compared to premenopausal
women with CAD (54%) indicating more compromised coronary perfusion
in  pos tmenopausa l  women.
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INTRODUCTION

Coronary  a r te ry  d i sease  (CAD)  resu l t s
from imbalance between oxygen supply and
demand of  the  hear t  and  the  inc idence
increases sharply after menopause due to fall
in  es t rogen levels .  Estrogen def ic ient  s ta te
affects  myocardia l  ef f ic iency by enhancing
cardiovascular response to physiology stress
and by changing lipid profile (1). Moreover
there  i s  acce le ra ted  ce l l  dea th  in  the
ag ing  myocard ium lead ing  to  dep le t ion  of

func t iona l  myocytes  tha t  decreases  the
cont rac t i l e  per formance  (2) .  Myocard ia l
oxygen  consumpt ion  (MVO 2)  i s  a  good
ind ica tor  o f  the  response  of  the  coronary
circula t ion to  increased myocardia l  oxygen
demand.  The  coronary  b lood  f low (CBF)
shows a linear correlation with the level of
MVO2.  Thus the determinants  of  MVO2 are
a l so  the  de te rminants  o f  CBF (3) .  Di rec t
measurement of MVO2 is difficult in routine
clinical practice but it can be easily calculated
by indirect methods like Stroke work, Pick’s
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Pr inc ip le ,  the  tens ion  t ime index  and  ra te
pressure product (RPP) (4).

RPP i s  the  p roduc t  o f  hear t  ra te  and
systolic blood pressure [RPP = Systolic blood
pressure (SBP) × heart rate (HR)/1,000] (5).
I t  i s  an  eas i ly  measurab le  index ,  which
correlates  well  with MVO 2 and defines the
response  of  the  coronary  c i rcu la t ion  to
myocardial metabolic demands. It  is a good
index  of  MVO 2 in -pa t ien t s  wi th  i schemic
hear t  d isease  (6) .  Rate  pressure  product  is
also called Robinson index (7). The internal
myocard ia l  work  per formed i s  represen ted
by  RPP and  ex te rna l  myocard ia l  work
performed is  general ly  expressed as  s tages
of exercise (8).

There are very few reports on the effect
of  exerc i se  on  RPP in  premenopausa l  and
pos tmenopausa l  women wi th  compromised
coronary c i rculat ion.  Hence this  s tudy was
designed to  evaluate  the effect  of  exercise
on RPP in premenopausal and postmenopausal
women with CAD.

MATERIAL AND METHODS

The study was conducted in 50 volunteer
women. They were divided into two groups.
Group  A cons i s ted  of  25  premenopausa l
women with CAD and Group B consisted of
25 pos tmenopausa l  women wi th  CAD.  The
study protocol was approved by Institutional
ethics committee.  Writ ten informed consent
was  taken  f rom a l l  the  vo lun teers  before
enro l lment .  Exerc i se  s t ress  t es t  was
performed on t readmil l ,  which is  the  most
commonly used dynamic exercise device for
th i s  t es t .  Al l  the  sub jec t s  were  f i r s t
thoroughly examined and those having any

sys temic  d i sease  o ther  than  CAD were
excluded.  The basel ine  HR,  SBP and ECG
were  recorded .  SBP was  measured  by
auscu l ta to ry  method .

The  sub jec t  was  sub jec ted  to  g raded
exerc i se  accord ing  to  Bruce  pro tocol .  The
protocol dictates the precise speed and slope
of  t readmil l .  According to  this  each three-
minute  in te rva l  i s  known as  a  s tage .  The
subject was made to run on a treadmill  t i l l
exhaustion. At timed stages during the test,
the speed (km/hr) and grade of slope (%) of
the treadmill  were increased. The ECG was
constantly displayed on the monitor.  I t  was
a l so  recorded  on  paper  a t  one  minute
in te rva l .  The  pa t ien t ’s  b lood  pressure  was
recorded during the second minute of  each
s t age .

RPP,  which is  the  product  of  SBP and
HR, was computed as (9) :

RPP =  SBP in  mm Hg × HR bea ts /
min × 10–3

The maximum RPP at maximum exercise
is called PRPP. The exercise test is said to
be maximal when the subject appears to give
true  maximal  effor t  i .e .  ef for t  done to  the
poin t  o f  bodi ly  exhaus t ion  or  when  o ther
clinical end points are reached. Exercise test
was terminated in the subjects if  the target
heart  rate was achieved or they complained
of fatigue. Exercise was also discontinued if
there  were  abnormal  changes  l ike  decrease
in SBP of 10 mm Hg along with evidence of
i schaemia ,  abnormal  ECG pa t te rn  l ike  ST
segment  d i sp lacement ,  appearance  of
a r rhy thmias ,  bundle  b ranch  b lock  or  i f
subject complained of chest  pain.
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The  percen tage  increase  in  SBP was
significantly more in premenopausal  women
as  compared  to  pos tmenopausa l  women.
There  was  no  s ta t i s t i ca l ly  s ign i f ican t
d i f fe rence  in  percen tage  change  in  HR
between the  groups .

DISCUSSION

Both HR and SBP are the most important
variables determining changes in myocardial
oxygen  consumpt ion  be tween  res t  and
exercise  (10) .  HR,  SBP and RPP increases
with the increase workload on the heart  to
prov ide  the  adequa te  b lood  supply  to  the
act ive myocardium during exercise .

As  repor ted  ea r l i e r  a l so ,  the re  was
significant increase in SBP, HR and RPP with
exerc i se ,  due  to  increase  in  sympathe t ic
discharge (11, 12). RPP increased progressively
wi th  exerc i se  and  a t t a ined  the  peak  va lue
of  27 ± 1.0  mm Hg ×  bea ts /min  ×  10 –3 in
premenopausal women with CAD and 25 ± 1.0
mm Hg × beats/min × 10–3 in postmenopausal

Stat i s t i ca l  ana lys i s

Data was represented as mean ± standard
error (SE). Analysis was done using ANOVA
and Kruskal Wallis tests and P value <0.05
was considered as stat ist ically significant .

RESULTS

The  pa t ien t s  in  Group  A and  Group
B were  comparab le  fo r  demographic
character is t ics  (Table  I ) .  The mean age  of
Group A was 42 years and Group B was 57
years .  The  Basel ine  SBP was  s igni f icant ly
more in postmenopausal women as compared
to  premenopausa l  women.

TABLE I : Demographic profile of subjects at basel ine
in  bo th  g roups .

C h a r a c t e r i s t i c Group  A Group  B

Age  (yea r s ) 4 1 . 7± 1 .2 5 7 . 2± 1 . 2 *
Weigh t  (kg) 6 5 . 3± 2 .0 6 3 . 3± 2 .4
Heigh t  ( cm) 1 5 1± 4 .1 155 .5± 1 .5

*P<0 .05  as  compared  to  g roup  A.

Table II shows changes in RPP and PRRP
in  bo th  the  groups .  The  RPP in  g roup  A
increased  s ign i f ican t ly  f rom 9 .9 ± 0 .4  to
27 ± 1.0  mmHg bea ts /mm × 10 –3 dur ing
exercise. Group B also showed a significant
increase in RPP from 10.9 ± 0.6 to 25 ± 1.0
mmHg bea ts /min × 10 –3 The  percen tage
increase  in  RPP was  s igni f icant ly  more  in
premenopausal women (62%) as compared to
pos tmenopausa l  women (54%)  dur ing
exerc i se .

There was a significant increase in SBP
and HR during exercise in both the groups.

TABLE I I : Paramete rs  a t  base l ine ,  a t  maximum
exerc ise  and  percentage  change  in  Group
A and  B.

Characteristics Basel ine M a x i m u m Percentage
change

Hear t  r a t e
Group  A 8 0± 3 .4 1 5 0± 4 . 7 # 4 8
Group  B 7 9± 3 .7 1 5 0± 4 . 4 # 4 9

S B P
Group  A 1 2 5± 3 .2 1 8 1± 4 . 6 # 3 1
Group  B 1 3 9± 3 . 2 * 1 6 5± 3 .6*# 1 5 *

R P P
Group  A 9 .9± 0 .4 2 7± 1 . 0 # 6 5
Group  B 1 0 . 9± 0 .6 2 5± 1 . 0 # 5 4 *

*P<0 .05  as  compared  to  g roup  A.
#P<0 .05  as  compared  to  base l ine  va lue .
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women with CAD. The percentage increase
in  RPP was  s ign i f ican t ly  more  in
premenopausa l  women as  compared  to
pos tmenopausa l  women ind ica t ing  be t te r
coronary perfusion in premenopausal women
with CAD. The less  percentage increase in
postmenopausal  women with  CAD suggests
significant compromise of coronary perfusion
and decreased lef t  ventr icular  funct ion.

Angina  i s  p rec ip i ta ted  due  to  inc rease
in  work  of  the  myocard ium as  measured
by RPP to a critical value that is essentially
f ixed  in  each  pa t ien t .  Mos t  normal
individuals develop a RPP of 20 to 35 mm
Hg × beats/min × 10–3. In many patients with
significant ischemic heart disease RPP values
exceeding 25 mm Hg × beats/min × 10–3 are
unusual (13). In the present study PRPP was
27  and  25  mm Hg ×  bea ts /min  ×  10 –3 in
premenopausa l  and  pos tmenopausa l  women
with CAD respectively. The peak RPP is an
accura te  re f lec t ion  of  the  myocard ia l  O 2

demand and workload. Reaching a high RPP
wi thout  symptoms or  ev idence  of  severe
ischemia suggests  adequate  lef t  ventr icular
function and the low value of PRPP suggests
signif icant  l imitat ion of  coronary perfusion
and decrease left  ventricular  function leads
to  angina .  Maximum RPP i s  repor ted  to
range from 10th percenti le  value of 25,000
to  a  90 th  percen t i l e  o f  40 ,000  (14) .  RPP
exceeding 22 is  commonly associa ted  wi th
myocardial  ischaemia and angina (6).

Although rate pressure product does not
predic t  regional  myocardia l  supply demand
relat ionships,  examination of  the individual
components  (hear t  ra te  and  sys to l ic  b lood
pressure )  i s  usefu l  in  management  o f
ischaemic heart disease. An increase in blood
pressure  wi thout  a  change  in  hear t  ra te

appears  to  be  be t te r  fo r  myocard ia l
oxygenat ion than an  increase  in  hear t  ra te
a long  wi th  the  increase  in  b lood  pressure
(6). In our study, there was increase in HR
and SBP in both the groups during exercise.
The  percen tage  increase  in  HR was
comparable in both the groups. On the other
hand ,  the  percen tage  increase  in  SBP was
significantly more in premenopuasal  women
as  compared  to  pos tmenopausa l  women.
Peak  SBP was  a l so  s ign i f ican t ly  l ess  in
pos tmenopausa l  women as  compared  to
premenopausa l  women wi th  CAD.  The
decrease  in  peak  SBP in  pos tmenopausa l
women wi th  CAD may due  to  age  re la ted
depletion of cardiac myocytes which has been
proposed  as  a  mechanism for  decreased
hemodynamic and contractile performance (2,
15).

The baseline SBP was significantly more
in  pos tmenopausa l  women wi th  CAD than
premenopausal women with CAD. It may be
a t t r ibu ted  to  increase  in  sympathe t ic
discharge and vagal  withdrawal due to low
estrogen level (16). Menopause also increases
aor t ic  s t i f fness  (17) .  Es t rogen replacement
therapy  i s  repor ted  to  enhance  a r te r io la r
d i spensab i l i ty  and  amel io ra te  barorecep tor
sensitivity, which leads to decrease SBP and
RPP in post  menopausal women (18).

The  resu l t s  o f  th i s  s tudy  ind ica te  tha t
coronary  per fus ion  and  le f t  ven t r icu la r
func t ions  a re  more  compromised  in
pos tmenopausa l  women wi th  CAD as
compared  to  p remenopausa l  women wi th
CAD.  The  resu l t s  a l so  sugges t  tha t
measurement  o f  PRPP in  response  to
physiological stress exercise can detect CAD
even before the appearance of clinical signs
and symptoms in  women.
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