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Abstract

Introduction: Rate pressure product (RPP) is a valuable marker of cardiac function and is
expressed as a product of Heart Rate (HR) and Systolic Blood Pressure (SBP) (HR*SBP/1000).
Pulse Pressure (PP) is the difference between systolic and diastolic blood pressure and depends
on the interplay between cardiac output and peripheral resistance.

Aim: RPP and PP responses to isometric hand grip exercise (IHG) were measured and compared
among offspring of normotensive and hypertensive parents to reveal the differential change in
patterns of these parameters so as to objectively unearth the predisposition towards development
of hypertension at a later age.

Material and methods: The present study was a case control study wherein two groups namely,
“Cases” and “Controls” were formed comprising 45 subjects in each, on the basis of presence or
absence of hypertension in parents, respectively. While forming the groups, age, gender and
Body mass index (BMI) matching was ascertained resulting in recruitment of 27 males and 18
females in each group. HR, SBP and diastolic blood pressure (DBP) were recorded at baseline, 4
minutes after starting IHG exercise (“during IHG”) and 5 minutes after the end of IHG exercise
(at “5-minute post IHG”). RPP and PP were calculated secondarily from the so obtained primary
parameters. Statistical analysis was performed using Paired and Unpaired t-test while comparing
among same group and between the groups respectively.

Results: The groups so formed, were comparable with respect to BMI. RPP and HR were found
to be significantly higher in male cases in comparison to male controls in basal stage with a p
value of <0.001. Significant increase in RPP, HR, SBP and DBP occurs in both cases and
controls (in both males and females) during IHG exercise and remained significantly elevated
post 5 minutes of IHG exercise only in cases (p<0.001). No significant difference was observed
in the basal PP between cases and controls (across both genders). During IHG no significant
difference in PP was observed in control subjects (both male and female) as well as in male
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subjects enrolled under case group. However, statistically significant change in PP was observed
in female subjects constituting case group during IHG exercise (p<0.01). Both male and female
subjects enrolled under the case group demonstrated statistically significant change in PP after
IHG exercise (p<0.01).

Conclusion: RPP and PP are promising markers for assessment of autonomic reactivity and can
serve as objective tools for deciphering the propensity of development of hypertension in
normotensive individuals later in life.

Keywords: Heart Rate, Systolic Blood Pressure, Rate Pressure Product, Pulse Pressure,
Isometric hand Grip Exercise.
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Introduction

Essential hypertension is a heterogeneous
group of disorder wherein the disease
process is progressive and spans several
decades of life. It has been documented that
parental history of hypertension has been
associated with higher systolic and diastolic
blood pressure in their offspring [1,2] and
that genetic factors do play a role in it [3].
Likewise, it has also been reported that
cardiovascular/haemodynamic response to
repeated mental stress in normotensive
offspring of hypertensive parents show
enhanced reactivity, blunted adaptations and
delayed recovery when evaluated with
appropriate  cardiac and/or  autonomic
function tests [4]. Isometric hand grip test is
one such test that is standardized, sensitive,
specific, reproducible, simple and non
invasive & being used for evaluation of
sympathetic functions [5-7]. The test has
been used to demonstrate that healthy young
offspring of hypertensive parents had higher
resting and post exercise systolic and
diastolic blood pressures than offspring of
normotensive parents [8].

RPP is defined as the product of heart rate
(HR) and systolic blood pressure [9] and it is
calculated as RPP = SBP*HR/1000,
expressed as mmHg beats per min x 1000
[10,11]. RPP is a reflection of internal
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myocardial work performed by the beating
heart and is a marker of oxygen requirement
in the heart [12]. It is an index of cardiac
stress and ventricular function at rest and
during isometric exercise. As the heart rate
and blood pressure are buffered with each
other by baroreceptor reflex, rate pressure
product can be a marker of autonomic
buffering operating in accordance to the
needs of the body [12].

PP is the difference between systolic and
diastolic blood pressure and any variation in
it following isometric exercise mirrors the
differential predominant response on
systolic or diastolic blood pressure [12].

The aim of the present study was to
objectively state and determine the
propensity of development of hypertension
later in life in normotensive offspring of
hypertensive parents using response to
isometric hand grip exercise assessed in
terms of RPP and PP marking the early
abnormalities in autonomic functions in
these subjects.

Material and methods

The present study was cross sectional, done
in SMS Medical College, Jaipur, Rajasthan,
India on 45 offspring of hypertensive
parents (considered as cases with 27 males
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and 18 females) and 45 offspring of
normotensive  parents  (considered  as
controls with 27 males and 18 females) after
taking approval from the institutional
research review board and ethical committee
(No. 346/MC/EC/2011). A total sample size
of 80 subjects (40 subjects in each group)
was calculated at 95% confidence (o =
0.05), 80% power (B) & effect size (d) of 0.8
to verify the difference of 3.3 in mean RPP
and 2.3 in standard deviation in study
groups. The sample size has been enhanced
to 45 subjects in each group for expected
10% dropouts. This sample size was also
adequate to cover all other study variables.
All the subjects were 17-25 years of age and
both groups were comparable with respect to
gender and BMI. The subjects were selected
from a batch of 250 M.B.B.S. students by
simple random sampling of eligible subjects
after selecting and sorting them for the
presence or absence of hypertension in the
parents. Written informed consent was
obtained from the participants after making
them understand the importance of the
project, their role in the project and the
procedural part.

Parental history of essential hypertension
was ascertained from the medical
prescriptions after prior affirmation by the
subjects for the presence of hypertension in
parents. Subjects with cardiovascular
disease, thyroid disease, diabetes mellitus or
any other chronic or acute illness and on
medication especially affecting autonomic
functions, smokers and alcoholics were
excluded from the study.

The subjects were instructed to abstain from
food for 3 hours and exercise for 12 hours
prior to the test procedure. Body weight was
measured with bare foot and with light
clothing on a weighing scale with a
precision of 0.1 kg. Height was measured by
stadiometer (to the nearest of 0.5 cm) while
the subjects were instructed to stand upright
and look in front with heels touching to one
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another. Heart rate was recorded manually
after counting the radial pulse and blood
pressure was recorded by mercury
sphygmomanometer in supine posture in left
arm (non-dominant, non-exercising arm).
MVC (Maximum voluntary capacity) was
obtained by calibrated spring type hand grip
dynamometer with dominant hand with
subjects seated in sitting posture. The
subjects were asked to squeeze the bar of
dynamometer with maximal effort and to
maintain it for 2-3 seconds [13]. Three trials
with a gap of 2 minutes were given to each
subject and the best response was taken as
MVC.

After resting in supine posture for 15
minutes, baseline HR and BP was taken.
Subjects were then asked to do IHG exercise
with 30% MVC effort with dominant arm
for 5 minutes [14]. BP and HR were
recorded 4 minutes after initiation of IHG
(“during IHG”) and 5 minutes after
completion of IHG. All recordings were
performed by a single research investigator
using the same sphygmomanometer, cuff
and stethoscope hence avoiding inter-
observer bias.

Test variables were: BMI (Body mass index)
= Weight (kg)/Height (m?, RPP =
HR*SBP/1000 and PP=SBP-DBP. Data
were reported as mean + standard deviation.
Statistical analysis was done using Student
‘t’ test (paired and unpaired) using primer
software. Probability (p) value of <0.05 was
considered statistically significant keeping
the confidence interval at 95%.

Observations and Results

The results of study are summarized in
Tablel-6. Unpaited t-test was used to
compare the baseline characteristics between
suspects and controls. Paired t test was used
to compare the study parameters between
baseline and across the test procedure within
the same group.
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Table 1: Baseline characteristics of male subjects in the 2 groups

Variables Cases (n=27) | Controls (n=27) | P value
BMI (kg/m?) | 21.39+2.19 | 20.53 +3.22 NS
HR (bpm) 80.26 + 9.68 73.29+9.99 |P=0.001
SBP (mm of Hg) | 115.7 +7.76 | 114.04 £ 8.47 NS
DBP (mm of Hg) | 74.18 £ 8.99 7451 +11.7 NS
RPP 9.29+1.729 836+1.4 P=0.014
PP (mmof Hg) | 41.63+9.18 | 39.26 + 11.6 NS

NS - Non Significante. Data represented in mean = SD

Table 2: Baseline characteristics of female subjects in the 2 groups

Variables Cases (n=18) | Controls (n=18) P value
BMI (kg/m2) | 20.76 +2.6 | 19.43+2.37 | NS (p=0.38)
HR (bpm) |85.17 +15.17| 78.05+7.69 |NS (p=0.078)
SBP (mmofHg) | 111.11+65 | 114.0+8.7 | NS (p=0.47)
DBP (mm of Hg) | 77.11£9.02 | 74.55+9.06 |NS (p=0.093)
RPP 9.49 +1.88 89+1.1 NS (p=0.49)
PP (mmofHg) | 34+6.4 39.44+11.2 |NS (p=0.061)

NS - Non Significante. Data represented in mean = SD

Table 3: Effect of IHG test on HR, SBP, DBP, RPP and PP in control males

Parameters At rest During IHG At 5 minutes post IHG
HR (bpm) 73.29+9.99 | 77.4+10.58* (p<0.01) 72.62+8.86
SBP (mm of Hg) | 114.07 + 8.47 | 124.81 + 10.78* (p<0.01) 115.11 + 7.87
DBP (mm of Hg) | 74.51 + 11.17 | 85.03 + 12.76* (p<0.01) 74.44 £12.2
RPP 8.36 + 1.40 9.7 + 1.7* (p<0.01) 8.38 + 1.34
PP (mm of Hg) | 39.26 £ 11.6 39.78 £ 9.78 40.67 £ 13.17

*Depicts comparison with parameters at rest (paired t test) p<0.05. Data represented in mean +
SD
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Table 4: Effect of IHG test on HR, SBP, DBP, RPP and PP in ‘case’ males

Parameters

At rest

During IHG

At 5 minutes post IHG

HR (bpm)

80.26 + 9.68

86.63 + 10.95* (p<0.001)

84.81 + 10.39* (p<0.001)

SBP (mm of Hg)

115.7+7.76

133.07 + 12.54* (p<0.001)

128.81 + 9.87* (p<0.001)

DBP (mm of Hg)

74.18 +8.99

89.00 + 12.44* (p<0.001)

82.4 + 9.86* (p<0.001)

RPP

9.29+1.29

11.62 + 2.12* (p<0.001)

10.95 + 1.72* (p<0.001)

PP (mm of Hg)

41.63 +9.18

44.3 + 13.37* (p<0.05)

46.15 + 11.57* (p<0.05)

*Depicts comparison with parameters at rest (paired t test) p<0.05. Data represented in mean +

Table 5: Effect of IHG test on HR, SB:C,IE DBP, RPP and PP in control females
Parameters At rest During IHG At 5 minutes post IHG
HR (bpm) 78.05 +7.69 | 83.27 £ 8.45* (p=<0.001) 78.61 +8.43
SBP (mmof Hg) | 114.0+8.7 | 120 + 8.27* (p<0.001) 114.88 + 8.09
DBP (mm of Hg) | 74.55 + 9.06 |81.88 + 8.49* (p<0.001) 75.55 + 7.84
RPP 8.9+11 |10.01+ 1.24* (p<0.001) 9.1+1.15
PP (mm of Hg) |39.44 +11.12 38.22+6.2 38.33+7.07

*Depicts comparison with parameters at rest (paired t test) p<0.05. Data represented in mean +

SD

Table 6: Effect of IHG test on HR, SBP, DBP, RPP and PP in suspect females

Parameters At rest During IHG At 5 minutes post IHG
HR (bpm)  [85.17 +15.17 | 91.17 + 13.54* (p<0.001) | 89.72 + 13.43* (p<0.001)
SBP (mm of Hg) | 111.11 + 6.55 | 125.11 + 9.4* (p<0.001) | 119.33 + 11.76* (p<0.001)
DBP (mm of Hg) | 77.11+9.02 | 86.88 + 8.15* (p<0.001) | 81.22 + 7.64* (p<0.05)
RPP 9.49 +1.88 | 11.45 +1.88* (p<0.001) | 10.73 + 2.05* (p<0.001)
PP (mmof Hg) | 34.00+6.4 | 38.22 % 6.75* (p<0.05) 38.11+8.8

*Depicts comparison with parameters at rest (paired t test) p<0.05. Data represented in mean +

Discussion

Isometric hand grip test is a standard test for
assessment of the functions of sympathetic
nervous system © wherein the pressure
response  to  isometric  exercise is
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characterized by an increase in heart rate
and blood pressure [15,16]. Both, central
and peripheral nervous inputs govern the
cardiovascular adjustments to isometric
exercise [17]. Afferent impulses from the
exercising muscles arise via activation of
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Type Il afferents (mechanoreceptors) and
type IV afferents (chemoreceptors) of
muscle [18]. These impulses subsequently
ascend in the spinothalamic tract to the
medullary cardiovascular centres and lead to
a net sympathetic stimulation (vagal
withdrawal and/or sympathetic stimulation)
resulting in increase in heart rate and blood
pressure [19-21]. Central nervous system
inputs following isometric contraction arise
from higher centres (insular cortex) resulting
in an increase in heart rate due to vagal
withdrawal primarily [22]. During static
exercise increased intramuscular pressure
around the blood vessels in exercising limbs
result in a higher increase in peripheral
resistance & diastolic blood pressure in
comparison to dynamic exercise [23]. Such
an observation of a relatively larger increase
in systolic blood pressure and pulse pressure
occurring during isometric exercise is
explained on the basis of hemodynamics
where an excess increase in cardiac output
occurs for restoring adequate circulation in
isometric exercising muscles which were
constricted by external intramuscular
pressure.[23]

Rate pressure product has been stated as a
predictor of myocardial oxygen
consumption and ventricular function, both
at rest and during isometric exercise [24]. At
resting state, heart rate and blood pressure
regulate each other by feedback inhibition
through  baroreceptors, cancelling out
absolute increments in each and therefore
RPP which is a composite index involving
product of blood pressure and heart rate
serves as a better indicator of net
sympathovagal balance of cardiovascular
system since reciprocal variations in the
blood pressure and heart rate are being taken
care of. Also, even during exercise, RPP
increase is adjusted as per the increase in
myocardial oxygen demand [25], hence
implying RPP as a better indicator of
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autonomic buffering both in rest and
disease.

Offspring of hypertensive parents have been
said to have a net increase sympathetic
activity resulting in augmented
cardiovascular responses following
isometric exercise [26] which include greater
increase in heart rate and blood pressure
among others.

In our study, the male “cases” had
significantly higher RPP and heart rate in
comparison to male *“controls” with no
significant difference in blood pressure at
the basal stage. However, a similar study
done by Garg et al. demonstrated a
significant increase in blood pressure in
cases in comparison to controls in basal
stage [8]. Such observed phenomenon of
relative dominance of sympathetic activity
in cases/suspects can be due to either vagal
withdrawal  (manifested primarily as
increased HR) or increased sympathetic
activity per se (manifested primarily as
increased BP).[7] Because blood pressure
and heart rate are related reciprocally, the
present study proposes RPP as a better
assessment  tool for evaluation of
sympathetic over-activity in comparison to
HR or BP alone. A lower value of RPP is a
marker of parasympathetic dominance and is
believed to be cardio-protective [27]. In the
present study, the female subjects
demonstrated no significant difference in the
cardiovascular parameters in the two groups
at basal stage.

Significant increase in SBP, DBP and HR
with an equally significant increase in RPP
after Isometric Hand Grip exercise in both
cases and controls (in both gender) is due to
exercise induced increased sympathetic
activity. Increase in RPP is indicative of the
situation wherein the autonomic buffering
action got well set in, facilitating coronary
perfusion and O2 consumption by the
myocardium  [24,25]. Pulse  pressure
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increased significantly in subjects of case
group (in both gender) but not in subjects of
control group possibly  due to
disproportionate increase in cardiac output
in comparison to peripheral resistance.
Julius et al. in 1983 and Sherwoood et al. in
1986 stated that there is an initial stage of
myocardial activation (manifested as high
cardiac output) progressing to a later stage
of increased vascular reactivity in offspring
of hypertensive parents [28,29].

During recovery from IHG exercise, the
cardiovascular parameters returned to basal
levels in male and female controls, but they
remain significantly elevated as compared to
resting levels in male subjects of suspect
group. Normally there should be a post
exercise fall in blood pressure due to
vasodilatation  resulting  because  of
accumulation of metabolites following
reduced blood supply in exercising muscles
[30] accompanied with enhanced vagal
activity and withdrawal of sympathetic
activity resulting in decrease in cardiac
output and heart rate [30]. However, in the
present study, the subjects in the case group
demonstrated impaired recovery pattern
pointing towards increased sympathetic
activity in them. In female subjects of the
case group, all cardiovascular parameters
remained significantly elevated during
recovery except pulse pressure. The so
observed normal recovery of pulse pressure
to baseline can be due to gender difference
in cardiovascular response to isometric hand
grip exercise [30,31]. It has been previously
demonstrated that blood pressure response
to isometric exercise in females is mediated
by increment in cardiac output whereas in
men it is mediated by an increase in both
cardiac output and peripheral resistance
[30].

Conclusions

Rate pressure product and pulse pressure
changes can be used in addition to blood
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pressure changes in early detection of at-risk
offspring of hypertensive parents for risk of
developing future hypertension.

Limitations

Small sample size especially of female
subjects and lack of categorization of female
subjects according to their menstrual history
were limitations of the study.
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