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Abstract

Background:� Hypertension� is� one� of� the� most� rampant� diseases� in�
the�world.�Many�genes�are�responsible�for�e�pression�of�normal�blood�
pressure.��his�hints�a�probable�role�of�family�history�in�the�development�
of�hypertension,�which�we�are� trying�to�assess� in� this�study.�As��P�is�
regulated�by�autonomic�nervous�system�(ANS),�altered�activity�of�ANS�
suggestsa�greater�risk�of�development�of�hypertension.�ANS�is�assessed�
by�HR��which� is� a� simple�and�noninvasive� test.�HR�� represents� the�
total� amount� of� fluctuations� in� heart� rate� and�R-R� interval�measured�
by� time� domain� and� fre�uency� domain� methods.� Deep� breathing�
causes�stimulation�of�parasympathetic�system�by�activating�the�stretch�
receptors.�Hence�HR��during�deep�breathing�gives�an� idea�about�the�
activity� of� parasympathetic� nervous� system.�Materials�&�Methods:��e�
studied�67�subjects�with�or�without�family�history�of�hypertension.��P�
and�HR��of� the� two�groups�were�compared,during�normal�breathing�
and� deep� breathing.� Results:� �wo� groups� did� not� show� significant�
discrepancy� in� �P� and�HR�� at� rest.�However,�HR�� by� time� domain�
analysis� (RMSSD�and�pNN50)� showed� a� lower� value� in� study�group�
compared�to�control�group�in�which�RMSSD�values�were�significantly�
less�during�deep�breathing.��his�indicates�that�although�the�recorded��P�
of�offsprings�of�hypertensive�parents�show�a�normal�value�at�rest,�they�
are�havinga�distorted�ANS�activity�which�is�not�manifested�at�rest.��he�
low�parasympathetic� activity� present� in� them� became� evident� by� the�
autonomic� e�citatory�maneuver� i.e.� deep� breathing.�Conclusion:� �rom�
this�study�it�is�apparentthat�the�wards�of�hypertensive�parents�are�more�
prone�to�develop�hypertension.
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Hypertension� contributes� for� worldwide�
burden� of� disease� and� disability� considerably.�
Complications� associated� with� hypertension�
continue�to�be�the�one�of�the�leading�cause�of�death�
in�developed�as�well�as�developing�countries.�Many�
of� these� complications� can� be� prevented,� if� not,�
their� onset� can� be� delayed�with� timely� detection,�
appropriate� treatment� and� life� style� modi��cation�

�1,2�.�As�it�remain�asymptomatic,�early�recognition�
is�often�a� challenge�unless�we�have�high� inde��of�
suspicion.�

�herefore� the� risk� factors� associated� with�
the� development� of� hypertension� is� always� an�
area� of� interest.� �he� role� of� genetic� factors� in� the�
development�of�hypertension�is�already�elucidated�
�3�.� �he� contribution� by� many� genes� have� been�
detected�each�having�small�effects�in�development�
of�hypertension.
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Heart� rate� variability� (HR�)� is� the� amount� of�
heart�rate���uctuations�around�the�mean�heart�rate.�
�he�term�HR��conventionally�describes�the�beat-to-
beat���uctuations�in�the�heart�rate�or�the�variations�
in� consecutive� RR� intervals.� �he� HR�� is� mainly�
caused�by� efferent�modulations�of� the� sinus�node�
which� is� considered� as� the� pacemaker� of� heart.�
HR��is�a�valuable� tool� to� investigate�sympathetic�
and� parasympathetic� function� of� the� Autonomic�
Nervous�System.�Also,�it�should�be�emphasi�ed�that�
it�is�a�variable�that�can�be�measured�in�a�noninvasive�
manner�with�minimal�error�using�simple�and�low-
cost�e�uipment.�HR��analysis�can�assess�the�overall�
cardiac�health�and�the�balance�between�sympathetic�
and�parasympathetic�regulation�on�cardiac�activity.�
Low�HR��re��ects�reduced�parasympathetic�activity�
or�elevated�sympathetic�tone�and�is�considered�an�
important�cardiovascular�risk�factor��4,5�.

Most� of� the� various� mechanisms� involved� in�
regulation� of� �P� acts� via� the� two� divisions� of�
autonomic� nervous� system�� the� sympathetic� and�
parasympathetic�nervous�systems.�Imbalance�in�the�
activity�of�these�systems�is�considered�to�be�the�core�
cause� of� hypertension.� Parasympathetic� system� is�
more�involved�than�the�sympathetic�system�in�subjects�
with� newly� diagnosed� essential� hypertension.� �he�
decreased� parasympathetic� tone� in� hypertension� is�
associated�with�increased�sympathetic�tone.�

Controlled� slow,� deep� inhalation� produces�
stimulation� of� parasympathetic� system.� Chang�
et�al.� �6��assessed�the�In��uence�of�respiratory�rate�
on�autonomic�nervous�system�using� time�domain�
and� fre�uency� domain� methods� and� found� an�
increase� in� vagal� activityduring� slow� breathing.�
An�augmented�vagal�activity�was�reported�in�slow�
breathing�by��hang�et�al.��7�.�who�compared�effect�
of�slow,�medium�and�fast�breathingon�ANS�using�
time�domain�analysis.��he�key�role�in�the�stimulation�
of�vagus�nerve�during�deep�breathing�is�played�by�
the� central� respiratory� centres�where� inputs� from�
stretch�receptors�and�re��e��mechanisms�converge.�
Although�the�central�respiratory�centres�has�control�
over� both� sympathetic� and� parasympathetic�
branches�of�ANS,�effect�on�parasympathetic�system�
is�more�prominent.��here�is�increased�output�from�
stretch� receptors�during�deep� inhalation� resulting�
in� stimulation� of� parasympathetic� system� by� the�
central�respiratory�centres.

As� genes� contribute� towards� development� of�
hypertension,�parental�history�can�have�an�in��uence�
on�hypertension.�HR��during�deep�breathing�may�
be� able� to� detect� the� possible� altered� autonomic�
system�activity�and�thus�their�inclination�to�develop�
hypertension�in�those�persons.

Materia�s�and�Methods

�he� present� study� was� a� cross� sectional� study�
conducted� in� young� adults� of� age� group� 17-20�
years.�Institutional�ethics�committee�approval�was�
obtained� and� subjects� were� recruited� based� on�
inclusion�and�e�clusion�criteria.

Inclusion�criteria:�

1.� Young�adults�in�the�age�group�of�17-20�years�

2.� Non�smokers�

3.� Normal��MI�(1�.5-24.��kg�m2)�

4.� Non-alcoholics�

Exclusion�criteria:�

1.� Any�recent�illness�during�the�past�two�week

2.� Diabetes�Mellitus�

3.� Known�hypertensive��

4.� History� of� chest� pain,� breathlessness,�
orthopnea

5.� Cardiac�patients

6.� �emales�with�irregular�menstrual�cycle

�he�procedure�was�e�plained� to� the�subjects� in�
detail.��hey�were�divided� into� two�groups�� study�
group� (children� of� hypertensive� parents)� and�
control�group(children�of�normotensive�parents).�A�
written�informed�consent�was�obtained�on�the�day�
of�the�e�periment.

A� detailed� relevant� clinical� history� including�
menstrual� history� from� female� subjects� was�
obtained.� �his� was� followed� by� a� brief� general�
physical� e�amination,� e�amination� of� vital� signs�
and�a�complete�systemic�e�amination.�

�he�height�(in�meters),�weight�(in�kg)�were�noted�
and��ody�Mass� Inde��(�MI)�was�calculated.�After�
the� basic� e�amination� the� subjects� were� asked� to�
lie�down�calmly�and�rela��in�supine�position.�Pulse�
rate� and��P�were�measured� after� ��ve�minutes� of�
rest� in� supine� position.� �he� recording� of� �P�was�
done� using� mercury� sphygmomanometer� with�
appropriately�si�ed�cuffs�by�indirect�method�(Riva�
Rocci�method).�ECG�was�recorded�for���ve�minutes,�
in� the�base� line�condition�when� the�subjects�were�
breathing�normally.��his�was�followed�byrecording�
during� deep� breathing� for� one� minute.� �he� tests�
were�carried�out�in�the�follicular�phase�(day�4�to�day�
14�of�menstrual�cycle)�in�females�to�avoid�in��uence�
of�menstrual�cycle�in�HR�.
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Dee��Breathing��est

1�to�5�Counts�were�given���in�each�5�seconds�and�
the�subjects�were�instructed�to�inspire�deeply�in�the�
��rst���ve�seconds�followed�by�e�piration�in�the�ne�t�
��ve�seconds.��his�is�repeated�for�one�minute.��hus�
the�test�was�given�during�si��respiratory�cycles�in�
each�subject

Assesment�o���R�

ECG� was� recorded� from� limb� lead� II� using�
�PL�ECG�machine�and�analogue�output� from� the�
machine� was� digitali�ed� by� A�D� converter� from�
National�Instruments,��angalore

HR��analysis�of�the�subjects�were�done��as�per�
the� task� force�guidelines.��he�HR��was� analy�ed�
using� Digital� Data� ac�uisition� system� HR�� soft�
1.1��ersion,�AIIMS,�New�Delhi.��oth�time�domain�
and�fre�uency�domain�analysis�were�done.�In�time�
domain� analysis� pNN50� (percentage� of� NN50)�
and� RMSSD� (root� of�mean� of� s�uared� successive�
R-R� interval� difference)� were� done.� In� fre�uency�
domain� low� fre�uency� in� normali�ed� units� (L�),�
high�fre�uency� in�normali�ed�units�(H�)�and�L��
H��were�assessed.

�tatistical�Anal�sis�o��Data

�he� collected� data�were� entered� into�MS� E�cel�
&�analysis�was�be�done�by�using�SPSS� (Statistical�
Package�for�Social�Sciences)�version�11.5.

�he�outcome�variables�included�the�mean�scores�
of��P�and�heart�rate�variability�at�baseline�condition�
and�following�deep�breathing�in�subjects�with�and�
without� family�history�of�hypertension.�Statistical�
tests� included�student�s�unpaired�t�test�and�Mann�
�hitney� U� test� is� used� for� nonparametric� data.�
P-value� was� taken� as� statistically� signi��cant� at� 5�
percent�con��dence�level�(p�0.05).

Resu�ts

Study� group� included� 30� subjects� and� control�
group� 37� subjects.�here� were� 15� males� and� 22�
females�in� the�control�group�and�12�males�and�1��
femalesin� the� study� group.� Results� are� e�pressed�
as�mean���standard�deviation.�NS�(non-signi��cant)�
when� study� group� was� compared� with� control�
group.�p���0.05�is�taken�as�statistically�signi��cant.

Demographic�characteristics�of�control�and�study�
group�are�presented�in��able�1.��he�two�groups�did�
not�differ�signi��cantly�in�age,�weight�or�body�mass�
inde��when�tested�using�student�s�unpaired�t�test.

�ab�e� ��� Demographic� characteristics� of� control� and� study�
group.

Parameter Contro���rou� Stud���rou�

Age 1�.3�����0.�� 1�.23���1.13

�eight�(Kg) 54.�1���7.31 53.63���6.51

�ody�mass�inde� 21.�1���1.�3 20.57���1.�7

NS-Not�significant

�l���� pressure� resp�nse� in� ��ntr�l� an�� stu�y�
�r�up�

�he� systolic� blood�pressure� (S�P)� and�diastolic�
blood�pressure�(D�P)�during�normal�breathing�and�
deep�breathing�did�not�vary�signi��cantly�between�
the� control�and� study�groups� (�able� 2).� Statistical�
test�used�is�student�s�unpaired�t�test.

�ab�e�����lood�pressure�response�during��normal�breathing�and�
deep�breathing�in�control�and�study�groups

�rou� S�sto�ic�BP Diasto�ic�BP

Normal�
�reathing

Control 112.70���5.2� 6�.�����5.44

Study 113.07���5.53NS 72.27���5.72NS

Deep�
�reathing

Control 111.7����5.70 70.33���5.32

Study 10����4.56NS 71.05���6.30NS

NS-Not�significant

�����f���ntr�l�an��stu�y��r�ups�

A�� �ime�domain�anal�sis

�ab�e� ��� �ime� domain� analysis� of� control� and� study� group�
during�normal�breathing�and�deep�breathing

Parameter �rou� �������� RMSSD��

Normal�
�reathing

Control�� 34.16���16.41 74.�0���3�.0�

Study 30.60���14.24NS 70.13���33.20NS

Deep�
�reathing

Control�� 31.�1���22.�� 63.�����4�.17

Study 26.12���25.�7NS 4�.12���40.35�

pNN50� -� Percentage� of� NN50,� RMSSD-s�uare� root� of� the�
mean� s�uared�differences� of� successive�NN� intervals,�NS-Not�
significant,�-significant�(p�0.05)

�able� 3� summari�es� time� domain� analysis� of�
control�and�study�group�during�normal�breathing�
and�deep�breathing.�During�deep�breathing�RMSSD�
(s�uare� root� of� the� mean� s�uared� differences� of�
successive�NN�intervals)�of�control�and�study�group�
were�63.�����4�.17�and�4�.12���40.35� respectively.�
�his�showed�a�signi��cant�difference�between�study�
group� and� control� group� (p�0.05).� Percentage� of�
NN50� (pNN50)�were�31.�1� �� 22.��� in� control�and���
26.12���25.�7� in� study�group�which�did�not� show�
any� signi��cant� difference.� Statistical� test� used� is�
Mann��hitney�U�test�for�both�variables.

Amrutha�Mary��achariah,�Rekha�D.�Kini,��inod�Jose�Kakkanatt�et�al.
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B�� �re�uenc��domain�anal�sis��

�ab�e�����re�uency�domain�analysis�of�control�and�study�group�during�normal�breathing�and�deep�breathing

Parameter �rou� ����norma�i�ed��ower��������������������������� ����norma�i�ed��ower� �����

Normal��reathing Control 55.50���20.15 44.50���20.15 2.�5���5.10

Study 62.27���22.06NS 37.72���22.05NS 3.12���4.33NS

Deep��reathing Control �3.56���12.22 16.44���12.22 7.�����5.55

Study �6.77���11.33NS 13.23���11.33NS 10.7����7.�3NS

L���low�fre�uency,�H���high�fre�uency,�NS-Not�significant

�able� 4� comprises� fre�uency� domain� analysis�
of� study�group� and� control�group�during�normal�
breathing�and�deep�breathing.��e�did�not�get�any�
signi��cant� difference� between� study� and� control�
groups�in�both�the�above�parameters�when�tested�
using�Mann��hitney�U�test.

Discussion

Measurement� of� heart� rate� variability� (HR�)�
has� become� a� hot� issue� in� the� ��eld� of� medicine�
for� the� past� few� years.� �riginally� this� techni�ue�
was� promoted� by� well-known� clinicians� and�
physiologists�who�reported�that�HR��gave�insights�
into�sympatho-vagal�balance�in�autonomic�out��ow.
��,����his�led�to�it�being�applied�as�a�non-invasive�
indicator�of�cardiac�autonomic�tone.�Impaired�HR��
has� been� shown� to� be� an� important� predictor� of�
serious�arrhythmic�events�and�of�sudden�death�after�
myocardial� infarction� �10,11�.� �he� current� study�
e�tends� the� observations� on� heart� rate� variability�
to� predict� whether� the� children� of� hypertensive�
parents�are�more�inclined�to�develop�hypertension�
and� associated� complications� in� the� future.� � In�
this� study� hypertension� was� de��ned� based� on�
hypertension�in�only�one�of�two�parents.

�In�our�study�the�demographic�characteristics�of�
the�study�and�control�groups�were�well�harmoni�ed�
.�e�made�it�certain�that�these�subjects�did�not�differ�
signi��cantly�in�age,�weight�and��MI�since�all�these�
factors�are�known�to�affect�HR�.

�hese� subject�s� �P� and� HR�� were� analy�ed�
during� normal� breathing� condition� (basal� state),�
deep� breathing� condition� (to� assess� the� vagal�
activity).

B��res�onse�and��R��in�normal��reathing

In�our�study�there�was�no�statistically�signi��cant�
difference�observed�in�S�P�and�D�P�between�study�
and�control�group�in�normal�breathing.�

A� study� conducted� by� Sonia� Garg� et� al� in� 200�
subjects�showed�a�similar� result� �12�.�Comparable�
results�were�reported�by��erma�et�al.� �13�.��his� is�
in� accordance�with� the� study� conducted� byPreeti�
Rathi�et�al�which�showed�resting�HR,�systolic�and�
diastolic�blood�pressures�did�not�vary�between�two�
groups��14�.

However,� there� are� few� studies� which� have�
shown� that� subjects� with� family� history� of�
hypertension� had� displayed� a� difference� in� �P�
from� those�without� the�parental�difference�at� rest�
�15�.��his�may�be�probably�due�to�the�use�of�much�
smaller�sample�si�e�in�their�studies.

In� our� study� subjects� with� family� history� of�
hypertension�had�not�shown�a�difference�from�those�
without� the� parental� history� in� parasympathetic�
tone� during� normal� breathing.� Studies� have�
shown� reduced� HR�� in� new� onset� hypertension�
�16,17�.��ut�the�autonomic� imbalance�is�not� found�
in� prehypertensive� states� when� assessed� at� basal�
conditions��1��.�Perhaps�the�decrease�in�vagal�tone�
seen�in�essential�hypertensive�subjectsdevelops�as�a�
conse�uence�of�high�blood�pressure�rather�than�as�a�
precursor�to�the�disease.

Blood��ressure�and��R��in�dee���reathing

�he� deep� metronomic� breathing� test� is� one� of�
the� most� used� autonomic� tests� that� attempts� to�
standardi�e�respiratory�changes�and�their�relation�
to� heart� rate,� hence� to� vagal� activity.� �he� deep�
breathing� test� elicits� the� typical� modulation� of�
blood� pressure� by� respiration� and� particularly�
marked�changes� in�R�R� intervals.�Deep�breathing�
causes�activation�of�parasympathetic�system.

Deep�breathing�e�ercises�are�found�to�be�effective�
in�reducing��P�in�established�hypertension��1�,20�.

In� the� present� study� time� domain� analysis� of�
HR��during�deep�breathing�showed�a�statistically�
signi��cant� difference� in� RMSSD� value� (p�0.05)�
when� study� group� was� compared� with� control�

International�Physiology�



International�Physiology����olume�7�Number�1���January�-�April�201�

13

group.� pNN50� which� is� another� variable� in� time�
domain�method�was� also� less� in� the� study� group�
although� it�did�not� reach�a�statistically�signi��cant�
level.� Previous� studies� have� shown� that� pNN50�
and� RMSSD� primarily� re��ect� parasympathetic�
activity� �21�� and� RMSSD� has� better� statistical�
properties� compared� to� pNN50� �22�.� Hence,� the�
result� of� current� study� represent� the� reduced�
parasympathetic� activity� in� those�with� a� parental�
history�of�hypertension,�evoked�by�vagal�e�citatory�
maneuver�i.e�deep�breathing.

In� the� fre�uency�domain�method,efferent�vagal�
activity�is�a�major�contributor�of�the�High�fre�uency�
component� as� seen� in� clinical� and� e�perimental�
observations�of�autonomic�nervous�system��21,22�.�
�he� L�� component� is� considered� by� some� as� a�
marker�of�sympathetic�modulation�(especially�when�
e�pressed�it�as�normali�ed�units)��21��and�by�others�
as� a� parameter� that� includes� both� sympathetic�
and�parasympathetic� in��uences��22�.�Studies�have�
shown� that� normotensives� with� a� family� history�
of� hypertension� e�hibit� altered� sympathovagal�
balance� with� decreased� parasympathetic� activity�
and� hence� decreased� heart� rate� variability� at� the�
cardiac�level��1�,23�.�

In�accordance�with� these�studies,�we�also�got�a�
high� L�� which� represented� sympathetic� activity,�
low� H�� which� represented� parasympathetic�
activity�and�high�L��H��ratio�which�is�considered�
by�some� to�mirror� sympatho�vagal�balance� in� the�
study�group�with�respect�to�control�group�although�
these�values�did�not�e�hibit�statistically�signi��cant�
difference.� Long� term� recording� of� �re�uency�
domain� variables� often� show� strong� correlations�
�24�.� �herefore� statistically� insigni��cant� result� of�
present�study�might�have�resulted�from�short�term�
recording.��urther�studies�with�long�term�recording�
may�be�able�to�bring�out�the�difference�between�two�
groups.� Also� deep� breathing� practiced� for� longer�
period� has� a� greater� in��uence� on� ANS.� Hence�
researches� in� such�a�group�may�yield�more�clear-
cut�results.

Conc�usion

�e� found� that� non� hypertensive� subjects� with�
positive� family� history� of� hypertension� were�
characteri�ed� by� altered� balance� between� the�
sympathetic�and�parasympathetic�nervous�system�
which� was� not� present� at� rest.� Such� an� altered�
response�could�be�an�early�marker�for�subse�uent�
development�of�primary�hypertension�in�the�future.
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