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ABSTRACT

Introduction: Essential hypertension is a 'silent killer' and a major health challenge in all countries of the World. The purpose of study was
undertaken to identify early autonomic dysfunction in individuals with parental history of essential hypertension.

Methodology: Present study was conducted to determine differences in cardiovascular reactivity and recovery. Comparison was done between
normotensive, young healthy offspring of hypertensive parents (40 cases) and normotensive parents (40 controls). Autonomic functions were
assessed by RMS Digitized Polygraph Polyrite D Version 2.4 and analysis of signal was done in time and frequency domain measures. After
recordingbaseline HRV (heart rate variability), subjects were asked to do isometric hand grip (IHG) test. HRV was recorded during the testand 5
minutes after completion of [HG. Comparison was done by paired and unpaired t test.

Results: Baseline HRV parameters were not different between control test group. There was increased LF/HF ratio, LFnu and decreased HFnu
duringIHG in test group versus control group. This is a measure of greater sympathetic activation in test group. Increased LFnu, LF/HFratio and
decreased HFnu during recovery displayed reduced vagal reactivation on recovery from IHG in test group. There was no effect of IHG on Total
power, LFpower, HFpower and time domain indices i.e. SDNN, pNN50, and RMSDD.

Conclusion: The study indicates the early existence of malfunctions in autonomic nervous system associated with increased risk of
hypertension.
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INTRODUCTION

Essential hypertensionl affecting 95% of hypertensive patients has
no identifiable cause*” According to Joint National Committee
report (JNC 8), blood pressure >140/90 mmHg is hypertension.’
Various risk factors associated with hypertension are obesity,” salt
sensitivity,” genetics™® obstructive sleep apnea,’ insulin
resistance, ‘sympathetic over activity,' and “ etc. Despite awareness
of multiple risk factors, pathophysiology of hypertension remains
ambiguous.

Autonomic functions can be assessed by heart rate variability
(HRV)3 which is beat to beat variation in heart rate (ie in R-R
intervals), due to continuous changes in the sympathetic and
parasympathetic outflow. The beat to beat variation occurs
predominantly due to respiratory sinus arrhythmia (RSA).”HRV has
been associated with predictive value in many diseases' e.g.
Bronchial Asthma'', MyocardialInfraction""* Diabetic Neuropathy™"
Myocardial Dysfunction”, Post cardiac Transp lantation” and
Tetraplegic patients'* Present study was planned to use non invasive
techniques of HRV analysis to detect any early autonomic
dysfunction between normotensive offsprings of normotensive and
hypertensive parents.

MATERIALAND METHOD

The prospective study was carried out in the Department of
Physiology, J. L. N. Medical College, Ajmer, from 2015 to 2016 study A
total of 80 subjects (age 17 to 25 years) were included (40 cases and
control each. The subjects were classified into four groups: group A
(n=20) Male subjects without family history of hypertension. Group B
(n=20) Female subjects without family history of hypertension.
Group C (n=20) Male subjects with family history of hypertension.
Group D (n=20) Female subjects with family history of hypertension.
The subjects were of similar nutritional status assessed by body mass
index. Subjects taking any type of medications especially those
affecting autonomic activity, Cardiorespiratory disease, Thyroid
disease, Diabetes Mellitus, Smokers and Alcoholic were excluded

from. The study protocol was explained to subjects after obtaining
informed written consent to participate in the study. A detailed
history and clinical examination was done. The study was carried out
between 9:30 am-12:00 pm after emptying bladder, consuming alight
standard breakfast 1Y% to 2 hrs before arrival. Subjects were asked to
abstain from the use of caffeine and other stimulants 12 hrs before
the study and strenous exercise 24 hrs before the study. Room
ambient temperature was maintained between 24-25°C. Subject was
instructed to breathe quietly during the entire recording period with
closed eyes Basal Heart Rate, Blood Pressure and Autonomic
function of subjects by HRV analysis was recorded after making them
comfortable by resting in supine posture for 15 minutes. Blood
Pressure and Heart Rate Variability was recorded by RMS Digitized
Polygraph Polyrite D; Version 2.4 and analysis of signal was done in
time and frequency domain measures. After baseline HRV, subjects
were asked to do Isometric Hand Grip test. HRV was recorded during
the test and 5 minutes after completion of Isometric Hand Grip test.
BP and Heart Rate was recorded at rest (Baseline), 4 minutes after
initiation of IHG and 5 minutes after completion of IHG. The subject
was instructed to compress the hand dynamometer (right hand)
with maximum effort and developed tension was measured. This was
maximal isometric tension (Tmax). After one minute the subject was
asked to maintain a pressure of 30% of Tmax. The Impedance
Peripheral Pulse wave signals were continuously amplified, digitized,
and stored in the computer for offline analysis in Frequency domain
and Time domain.

Measurement of HRV
The measurement and analysis of HRV is done by three methods-
Time domain, Frequency domain and Non-linear methods

Table: 1 Selected Time Domain Measures of HRV
Variable |Units|

Description

Statistical Measures

SDNN | ms | Standard deviation of all NN intervals
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SDANN | ms Standard deviation of the averages of NN
intervals in all 5-minute segments of the entire
recording
RMSSD | ms | The square root of the mean of the sum of the
squares of differences between adjacent NN
intervals
SDNN | ms Mean of the standard deviations of all NN
index intervals for all 5-minute segments of the entire
recording
SDSD ms Standard deviation of differences between
adjacent NN intervals
NN50 Number of pairs of adjacent NN intervals
count differing by more than 50 ms in the entire
recording; three variants are possible counting
all such NN intervals pairs or only pairs in which
the first or the second interval is longer
PNN50 % | Nn50 count divided by the total number of all

NN intervals

Geometric Measures
HRV Total number of all NN intervals divided by the

triangular height of the histogram of all NN intervals
index measured on a discrete scale with bins of 7.8125
ms (1/128 seconds)
TINN Ms Baseline width of the minimum square

difference triangular interpolation of the highest
peak of the histogram of all NN intervals
Difference between the widths of the histogram

Differentia| Ms

lindex of differences between adjacent NN intervals
measured at selected heights (eg, at the levels of
1000 and 10 000 samples)
Logarithmi Coefficient of the negative exponential curve k e-
cindex t, which is the best approximation of the

histogram of absolute differences between
adjacent NN intervals

The normalized units were calculated as

HF (nu) = HF (absolute units) x100

Total Power (absolute units) -
VLF (absolute units)

LF (nu) = LF (absolute units) x100
Total Power (absolute units) -

VLF (absolute units)

The LF(nu)/HF(nu) ratios were calculated to assess sympathe
tic/parasympathetic modulation.

RMSDD and pNN50 were used as analysis of time domain measures
of short term HRV.

Analysis of data Collected data were entered in computer based
Microsoft Excel sheet. Comparisons were done by applying Student's
't'test (paired and unpaired), using PRIMER software.

OBSERVATIONS

In present study indices of Heart Rate Variability (HRV) were
measured at rest (Basal), during (i.e. with the initiation of IHG for 5
minutes) and after 5 minutes of IHG (Table 3)

Table 3. heart rate variability and associated parmeter in mean
(SD)

A B C D
HRV [Resti|Dur|Afte[Resti|Duri| After [Resti|Dur|Afte [Resti|Duri| Aft
ng |ing|r5 | ng | ng |5min| ng |ing| r5 | ng | ng ler5
THG|{min IHG THG|min IHG |min|
Total | 759.1621./693.| 726. [436.(681.5| 706. |538.|674.|556.3/634.2/572.
powe|732(02| 15 | 094 | 39 6 2 1|5 + + | 4

549.3|559.8| +

ro| x| x| x| x| x| x|
751.1444./555.| 418. [425.|302.2 | 540. (492.| 382. 512,
886(23|79|612|93 | 6 5|5]|5 8

Table: 2 Selected Frequency Domain Measures of HRV"

Variable | Units Description Frequency
Range
Analysis of Short-term Recordings (5 min)
5-min total| ms® |The variance of NN intervals over 0.4 Hz
power the temporal segment
VLF ms’ Power in VLF range 0.04 Hz
LF ms’ Power in LF range 0.04-0.15 Hz
LFnorm | Nu LF power in normalized units
LF/(total power-VLF)x100
HF ms’ Power in HF range 0.15-0.4 Hz
HF norm | Nu HF power in normalized units
HF/(total power-VLF)x100
LF/HF Ratio LF (ms2)/HF(ms2)
Analysis of Entire 24 Hours
Total ms’ Variance of all NN intervals 0.4 Hz
power
ULF ms’ Power in the ULF range 0.003 Hz
VLF ms’ Power in the VLF range 0.003-0.04 Hz|
LF ms’ Power in the LF range 0.04-0.15 Hz
HF ms’ Power in the HF range 0.15-0.4 Hz

Quantification of HRV Various spectral methods for the analysis of
the tachogram have been applied since the late 1960s. Power spectral
density (PSD) analysis provides the basic information of how power
(variance) distributes as a function of frequency.

The frequency components of HRV were analyzed by using Fast
Fourier Transform (FFT).The power spectrum was subsequently
divided into three frequency bands; VLF-(0.001 to 0.04) Hz, LF-(0.04
t00.15)Hz and HF -(0.15 to 0.4) Hz. Power of the spectral bands were
calculated in normalized units(nu).

Lf, |58.1163.7(66.8|54.7 53.1]65.19|67.2 |59.8|66.2|53.42/57.05/63.5|
3719816 (35| 6 3 8 | £ | + +

E 2 - + + + [10.6/11.4(18.9220.07| +

15.8(15.5(9.45(18.1|23.7(8.731|0.73| 3 11.4
97 |56 | 6 | 24 | 51 1
Hf,, |41.3(36.2(33.1|45.1 |46.8|34.84(32.7 |40.6(33.7 | 46.6 (42.97(36.6|
09 02|86 | 65|55 + 311109 + +

+ [+ | £ + + (1345 + | £ | £ |18.9420.06| +

15.8(15.5(9.45|18.1|23.7| 6 [9.03(10.6|11.4 11
42 |56 6 | 92 | 67 2 |6

Lf |223.1150.[222.]222.[105.(264.1|199. [163.|246.(160.5/158.4(244.
Powe| 83 |77 |15 |34 | 24| 9 8 4|5 + + |6

r + [+ | £ + + + + | £ | = |1747|111.3| +
185.(113.|187.{158.{97.9|119.1| 182 |136|172. 224,
43 (31|56 | 18 |86 | 7 8 3

Hf [15.1(99.2/108.|187.]69.1|141.7|104.|120.{140.(148.7|128.3|155.
powe| 5 (47|84 |64 |09 | 1 9 | 4|8 | % + |8
ro| £ | 2| x| x]| £ | ||+ (1644164 ¢

+
K}

H+
e}

119.|135./192.4/165.|80.0{92.59|99.3 |111.| 140. 162,
9569|1589 26| 3 74| 2 7

Lf/Hf|1.77 [2.11|2.23| 1.54|1.70|2.128 | 2.27 [1.63(2.21 [1.566(1.797(1.96
ratio| 09 |51 (21|45 (04| 2 5|171]3]| % + |9
+ | £ | % + + + + | £ | £ [1.007[1.144| +
1.00{0.99|0.85|0.92 (1.22(0.995|0.890.61|0.83 0.77
26 (3319|7308 1 9 |1]|6 9
RMS |38.0(39.3(33.8|37.0 {50.0{48.05| 30.0 |50.5| 34.2 48.15/58.23/37.2|
DD (24 |8 | 6| 4 |81 3 2 (4] 4| + | 8
+ | | % + + + + | £ | £ K41.33/63.44| +
18.2(23.4/19.4|13.6 (40.1|41.47|10.2(30.8| 20 23.5
25 |4 |74 3 |51 6 3 5
SDNN| 49.8|51.8|50.2| 45.8 |56.1(53.77 | 51.8 |57.6|47.7 |55.27|68.64/49.0|
01 |46|55| 4 |61 8 51714 % + |1
+ | £ | % + + + + | £ | £ |34.39[38.61| +
13.4(17.1/18.2|19.22 (27.8(14.37|16.2|32.9|15.4 17.5
9 [84[61| 2 |81 6 |5]|6 6
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PNN5(18.8(14.6(13.2|17.818.9(14.31|9.24 |18.7{13.5(21.06/22.78]15.1
0 35198 |9 |65] + + [ 925 5 |15
+ | x| £ | % + (1337|735 £ | + 1954 + | £
16.0(17.0|15.1{14.7 |21.8| 6 9 (16.4{15.7 23.30{18.4
5 (73166 |29 |43 22| 93 9 |52
Table 4: p value Unpaired t test
Group Atrest |DuringIHG| PostIHG
Study Parameter
Total power|Group A and C| 0.797 0.579 0.902
Group BandD| 0.278 0.216 0.417
Lf, GroupAand C| 0.030 0.349 0.853
Group Band D| 0.829 0.579 0.683
Hf,, GroupAandC| 042 0.302 0.857
GroupBandD| 0.808 0.05 0.639
LfPower (GroupAandC| 0.681 0.99 0.672
Group Band D| 0.248 0.338 0.732
Hf power |GroupAandC| 0.178 0.593 0.400
Group Band D| 0.460 0.155 0.738
Lf/Hf ratio |Group Aand C|  0.102 0.075 0.944
Group Band D| 0.944 0.853 0.576
RMSDD |GroupAandC| 0.095 0.277 0.952
Group Band D| 0.261 0.589 0.319
SDNN  [GroupAandC| 0.667 0.488 0.641
Group BandD| 0.244 0.249 0.353
PNN50 |Group A andC| 0.620 0.444 0.960
Group Band D| 0.566 0.596 0.875
DISCUSSION

There is a controversy about whether normotensive children of
hypertensive parents have an increased sympathetic response to
stress. Such a response could produce a hyperactive sympathetic
response which in turn maylead to the development of hypertension.
Present study was conducted to determine if there were differences
in cardiovascular reactivity (initial stress response) or recovery (time
required to return to baseline) between normotensive, young
offspring of hypertensive parents and normotensive offspring of
normotensive parents.

Effect of IHG on Heart Rate Variability

There was no significant effect of IHG on Total Power in all four
groups. Although total power was significantly increased at 5
minutes post IHG in group C but there was no significant difference
between mean values of total power at 5 minutes post IHG when
comparison was donebetween A and C,and Band D group (Table4).

Lf, ,was significantly increased during when comparisons were done
between mean values at rest and during IHG, and at rest and at 5
minutes post IHG in group C and D. This finding was further
strengthened by significant difference of mean values during IHG
between group A and C, and of mean values at 5 minutes post IHG
between group Band D (Table 4).

Hf, was significantly decreased IHG in test group. Furthermore there
was significant decrease in mean values of HF, ,at 5 minutes post IHG
in group D. This decrease in HF, during IHG and at 5 minutes post
IHG was further strengthened by significant decrease in
HF, duringIHG in group C in comparison to group A and significant
decrease inHF,, at 5 minutes post IHG in group D in comparison to
group B (Table 4).

and HF

power power

There was no significant effect of IHG on LF in all four

groups (Table No. 4).

There was significant increase in mean values of LF/HF ratio during
IHG in test group. This finding was further strengthened by
significant increase of LF/HF ratio during IHG in group D in
comparison to group B (Table 4).

There was no significant effect of IHG on mean values of RMSDD,

SDNN and pNN50 in all four groups (Table 4).

As evident from Table No. 14 to 40 HRV parameters at rest did not
differ between test and control group.LFnu, LF/HF ratio were
significantly increased and HFnuwas significantly decreased during
IHG in test group in comparison to control group indicating hyper
responsiveness of sympathetic nervous system to stress in test group
in comparison to control group.

Increased LF,, LF/HF ratio and decreased HF,, during recovery
indicate reduced vagal reactivation on recovery from IHG in test
group as compared to control group.

In present study values of HRV parameters at rest did not differ
between two groups. This is in accordance of previous studies™ *'that
no signs of difference in sympathetic nervous system activity
measured by 24 hour urinary catecholamine excretion or venous
plasma concentrations of norepinephrine and epinepherine was
observed in offspring of hypertensive parents.

In present study there was increased sympathetic activity during
IHG. This is in accordance of Grassi (1988, Noll et al (1996)" and
Davrath (2003)”.

In present study there was decreased HFnu during IHG and in
recovery suggesting decreased parasympathetic tone in test group™
*This is in accordance of Eckoldt et al (1976)*, Grossman et al
(1992)”, Mezzacappa (2007)*.

Thus it can be deduced from present study that heart rate at rest was
significantly greater in group A than group C. Heart rate showed
greater increase during IHG and delayed recovery at 5 minutes post
IHG in test group. Baseline SBP and DBP was not different between
test group and control group. SBP and DBP was increased
significantly during IHG with greater increase of SBP in C group as
compared to A group. SBP and DBP showed delayed recovery in test

group.

HRV parameters at rest did not differ between two groups. LFnu was
increased significantly during IHG and at 5 minutes post IHG in test
group. Furthermore LF/HF ratio was increased during IHG in test
group. This indicates hyperactive sympathetic nervous systemin test
group. HFnu decreased during IHG in test group and at 5 minutes
postIHG indicatingreduced vagal tone. There was no effect of IHG on
Total Power, LFpower, HFpower, RMSDD, SDNN and pNN50.

Hence it can be deduced from present study that there is enhanced
sympathetic activity during IHG and on recovery from IHG vagal
reactivation is sluggish in test group, indicating an early existence of
malfunctions in both branches of autonomic nervous system in
individuals atincreased risk of hypertension.

Limitation of present study is that we could not record the beat to
beat blood pressure during whole procedure. This may have resulted
in missing out valuable data that could have yielded conclusive
results.

There was increased LF/HF ratio, LFnu and decreased HFnu during
IHG in test group versus control group. This is a measure of greater
sympathetic activation in test group. Increased LFnu, LF/H Fratio
and decreased HFnu during recovery displayed reduced vagal
reactivation on recovery from IHG in test group. There was no effect
of IHG on Total power, LEFpower, HFpower and time domain indices
i.e. SDNN, pNN50, and RMSDD.

Potential Implications of the Study

Identification of individuals prone to hypertension may be possible
with the use of these noninvasive techniques, by establishing a set of
threshold values for autonomic responses to challenges, such as
change in posture and IHG. Evidence of elevated sympathetic29
activation can be targeted as primary goal in the prevention and
treatment of HT.
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CONCLUSION

It can be deduced from present study that there is enhanced
sympathetic activity during IHG in test group and on recovery from
IHG, vagal reactivation is more sluggish in test group. Current study
indicates that early existence of malfunctions29 in both branches of
autonomic nervous system in individuals at increased risk of
hypertension.
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