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Objective — To analyze the heart rate variability in
patients with mild to moderate systemic arterial hyper-
tension.

Methods - Thirty-two healthy (group 1) and 70 syste-
mic arterial hypertensive (group Il) individuals, divided
according to age (40 to 59 and 60 to 80 years old, respecti-
vely) and with a similar distribution by sex were studied.
Thirty-one had left ventricular hypertrophy (LVH), 22 were
overweight, and 16 had Type Il diabetes mellitus. Smoking,
alcohol ingestion, and sedentary habits were the same
between groups. Variability in heart rate was analyzed in
the time domain, using standard deviations of normal RR
intervals (SDNN) and the differences between maximal bra-
dy-and tachycardia (D-BT, ) during sustained inspiration.
Analysis of the frequency band of the power spectrum between
0.05 and 0.40 Hz at rest and during controlled respiration
was chosen for analysis of the frequency domain.

Results - In both time and frequency domains, varia-
bles were lower in group II than in group 1. Within groups,
statistically significant variables were only found for indivi-
duals in the 40 to 59 year old group. The presence of LVH,
overweight, or diabetes mellitus did not influence the va-
riability in heart rate to a significant extent.

Conclusion - Variability in heart rate was a valuable
instrument for analyzing autonomic modulation of the
heart in arterial hypertension. The autonomic system un-
dergoes significant losses in cardio-modulatory capacity,
more evident in subjects between 40 and 59 years old. In
those over 60 years old, reduced variability in heart rate
imposed by aging was not significantly influenced by the
presence of systemic arterial hypertension.
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Clinical and experimenta studies have demonstrated
that theautonomic modul ator capacity of thecardiovascular
apparatusisalteredindiseasesdirectly or indirectly affecting
the heart **. In diseases accompanied by aterationsin the
vagosympathetic system leading to the devel opment of
potentialy fatal arrhythmia, both morbidity and mortdity are
significantly influenced by such functional alterations®,

Interest in the eval uation of autonomic modul ation of
the heart by analysis of beat-for-beat variability in heart
ratein systemic arterial hypertension (SAH) has been
variously demonstrated. Results have proven that this
variability canidentify alterationsinthe mechanism of au-
tonomic control of SAH, also aiding in the evaluation of
the action of drugs that interfere with the regulation of
cardiovascular function %97,

Thepresent work representsastudy of theautonomic
modulation of the heart, using theanalysisof thevariability
inheart rate of selected groupsof healthy and primary arte-
rial hypertensive subjects.

Methods

The study protocol was set up in accordancewith the
principlesof theHelsinki Declaration and authorized by the
EthicsCommission of theNationa I ngtituteof Cardiology of
Laranjeiras(INCL).

Thestudy wastransversally performedin 102 subjects
admittedfor initial evaluation at theoutpatient clinic of the
Division of Arterial Hypertension of the I nstitutebetween
January 1998 and July 2000. Subjectswerebetween 40 and
80 yearsold and weredividedin two groups paired by age
and sex. Group | was composed of 32 healthy individuals;
group I was composed of 70 subjects having mild to
moderate hypertension defined by a systolic arterial
pressureof 3 140mmHgand £180mmHg, and adiastolicar-
terial pressure of 3 90mmHg and £110mmHg. Of groupl |,
72% of the subjectswereunder notrestment, and 28% made
irregular use of thiazide drugs, dihydropyridine calcium
channel antagonists, and angiotensin-converting enzyme
inhibitors. All wereinsinusrhythm (Tablel).
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Table I — Demographic values and parameters evaluated

Group la Group Ila p’ Group |b Group Ilb +
N 20 40 - 12 30 -
Age (years)" 48.7+5.2 [48.0] 48.7+6.2 [48.0] NS 71.3+5.9 [71.0] 69.3+5.7 [69.0] NS
Sex (F/IM) 6/14 14/26 NS 8/4 20/10 NS
SAP (mmHg) 125.1+10.0 170.2+14.4 <0,05 138.1+10.6 180.2+12.2 <0.05
DAP (mmHg) 83.245.1 98.4+10.2 <0,05 80.5+5.4 90.849.1 <0.05
LVH (septum and PP>1.1cm) - 22 - - 9 -
Glycemia>120 mg/dL 0 7 0 9
BMI>25kgxm2 0 18 - 0 4 -
MCF (bpm) 69.2+8.6 72.4+13.5 NS 71.0+11.4 73.0+£10.3 NS
DPNN (ms) 39.4+14.4 27.0+£12.0 <0,001 24.5+8.0 20.6£5.5 NS
HFLNT (Ln ms?) 5.2+0.9 3.9+1.3 <0,001 4.1+0.9 3.6+£1.1 NS
HFRCLNT (Lnms?) 7.3£0.7 5.6+1.3 0,02 5.2+0.4 4.9+0.4 NS
TMELNT (Lnms?) 6.4+0.7 5.1+1.0 <0,001 4.8+0.8 4.5+0.9 NS
D-BT ., (bpm) 21.6+4.1 16.2+7.6 0,03 15.4+4.3 16.7+6.1 NS
“level of statistical significance; ** age expressed as mean+SD (median); other values expressed as meant+SD; HF- high frequency; TME - total modulatory energy;
CR- controlled respiration; D-BT __ - difference between maximal brady — and tachycardia during and following sustained inspiration; LnT- logarithmic transformation
(refer to text for deatils); BMI - body mass index.

Twenty group | individualswere between 40 and 59
yearsold (mean+SD, 48.7+5.2; median 48 years) (group | a,
14 mdes), and 12werebetween 60and 80yearsold (71.3+5.9,
median 71years) (group Ib, 8males). Their clinical histories,
resultsof the physical examination, laboratory andradiolo-
gical examinations, and el ectrocardiograms (ECG) at rest
werewithinnormal limits.

Ingroup 11, 40 subjectswere between 40 and 60 years
old(48.7+6.2, median 48years) (group |13, 26 maes), and 30
were between 60 and 80 years old (69.3+5.7, median 69
years) (group I1b, 10 males) (Tablel). Thirty-one had left
ventricular hypertrophy (LVH) on the echocardiogram at
rest, defined by septal and left ventricle posterior wall
thickness >1.1cm according to the routine protocol of
analysis of the echocardiography sector of the INCL.
Twenty-two were overweight defined by abody massindex
3 25kg/m. Sixteen had noninsulin dependent diabetes
mellitus of Type Il and maintained glycemic control with
diet or oral hypoglycemictherapy or both. Smoking habits,
alcohol ingestion, and sedentary lifestylewerenot different
among thegroups.

Criteriaforinclusoninthestudy arepresentedin Tablell.

Clinica eva uationincluded measurementsof heartrate, arte-
rial pressureonbotharms, antero-posterior thorecicdiameter,
body weight and height, and body massindex. Anamnesis
wasdirected at theinvestigation of clinical complaintsand
physical examination, and complementary examinationsin-
cluding glycemia, cholesterolemia, assessment of renal and
liver function, ECG at rest, and thoraci c roentgenogramwere
withinnormal limits. The Romhilt-Estesindex wasusedfor
theel ectrocardiographicdiagnosisof LVH. Electrocardiogra-
phic signalswere used for the analysis of the variahility of
heart rateasdescribed below. Medical attention and examina:
tionswereperformed between 8 AM and 6 PM.

Following a5 to 10 minutesrest period in the dorsal
decubitusposition, arterial pressurewasmeasured on both
arms of subjects seated in aquiet room at 25° C. Arterial
pressurewasmeasured after 1, 3, and 5 minutes, and avera-
gesof thelast 2 measurementswererecorded. Thearm sho-
wingthehighest arterial pressurevalueswastaken asstan-
dard. Mercury column sphygmomanometerscalibrated by
INMETRO (Nationa Institute of Metrol ogy) were used.

Electrocardiographic signalson an AECGO3, (Lynx
Technology, Sdo Paulo, Brazil) wererecorded for 300 seconds

Table II — Criteria for inclusion and exclusion in study groups

Group |

Group Il

Criteria for exclusion
Non-sinus rhythm

Criteria for inclusion
Age 340 and £80 years

DAP<90mmHg Psychiatric or neurologic
SAP<140mmHg disease
AMI or ACD***
Pregnancy

Thyroid, renal or
hepatic dysfunction
CTI >50%
Diabetes mellitus

Criteria for exclusion
Non-sinus rhythm

Criteria for inclusion
Age 340 and £80 years

90£DAP£110mmHg Psychiatric or neurologic
140£SAP£180mmHg disease
AMI or ACD

CTI >50% or EF <45%
Thyroid, renal or
hepatic dysfunction
Use of b-blocker
COPD
Secondary HAS

"DAP- diastolic arterial pressure; " SAP- systolic arterial pressure; “"*ACD- previous arterial coronary disease; AMI- previous acute myocardial infarct; CTI-
cardio-thoracic index; EF- |eft ventricular gjection fraction on echocardiogram at rest; COPD- chronic obstructive pulmonary disease.
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and andyzed by theSAECG systemasal ready described® "%,
Signalswere taken between 10 AM and 6 PM from subjects
keptinthedorsal decubitusposition, breathingwiththeir natu-
ral frequency in an isolated room at 25°C at least 2 hours
followingtheir meds. Insmokers, measurementsweretekenat
least 30 minutesafter ending tobaccointake.

Additional ECGs of 60 seconds duration each were
recorded from subjectsrandomly sel ected from each experi-
mental group, (6 fromgroupslaandlla, 4fromgroupslia
and |1b) who kept under respiratory control at arespiratory
frequency of 12incursions/min0.20 Hz, monitored by the
examiner with timing equipment. For asecond record, 20
individualsfromgroup | (12 fromgroup laand 8 fromgroup
1b) and 35fromgroup |1 (15fromgroup I1a 20fromgroup
I1b) had their ECGstaken during a sustained inspiration
maneuver 7, composed of 3 phasesof respectively, 15, 15,
and 30 seconds duration. During thefirst phase, subjects
were instructed to breathe spontaneously; during the se-
cond phase, of sustentation, they wererequiredto exert ap-
neafollowing maximal inspirationwithout expiratory effort,
aprocedurediffering thereforefromthe Val salvamaneuver.
Duringthisphase, aninitial riseof 2to 3 secondsinaverage
values of heart rate was observed was followed by 8to 10
seconds of intense bradycardiafollowed in turn by apro-
gressiveincressein heartrate. After al5-secondinterval, the
subjectswereinstructed to release their inspired air and to
return to spontaneous respiration. At thispoint (3 phase),
heart rate increased to val ues above averages observed
duringthefirst phaseand gradualy returned to baselevels, a
typical response of 5 to 10 seconds duration (Figure 1).
Recordsweretaken sequentially from subjectsremainingin
the dorsal decubitus position between readings.

Two domainswereanayzed: in thefrequency doma
in, aseriesof normal consecutive RR interva swasinterpo-
lated and the power spectrum cal culated using apreviously
described technique®. Theareaunder thespectruminthe
region between 0.05Hz and 0.40 Hz corresponding to sym-
patheti c and parasympathetic energy modul ation wascal-
culated. Theregion analyzed is classically decomposed
into two frequency bands. one, of low frequency between
0.05and 0.15Hz, correspondsto predominantly sympathe-
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Fig. 1 - Effects of sustained inspiration (Sl) on aseriesof RR intervalsin anindivi-
dual ingroup I. Note the different phases of the maneuver and the characteristics of
Phase 2 that portray the oscillation consequent to sustained inspiration, and the
pointsof analysisand of maximal bradycardia(B, ) and tachycardia(T ). Phase 1,
pre-Sl; phase 2, Sl; phase 3, post-Sl.
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ticinfluences; the other, of high frequency between 0.15
and 0.40 Hz, correspondsto parasympatheticinfluenceson
the variability of heart rate. Due to the marked super-
positioning of sympathovagal influences at the frontier
regionof 0.15Hz, theentiretotal energy modulationregion
waschosenfor analysis. During the controlled respiration
maneuver, practically all the energy of the spectrum was
concentrated inthehighfrequency region, indicatingapre-
dominance of vagal activity. The difference between this
energy and that obtained during rest periodswas conside-
red to represent theautonomic reserve of modulation of the
variability of heartrate (Figure2).

To analyze the time domain, averaged heart rate or
meansof the60/RR (RR=RRinterval in seconds) rel ation-
ships and the standard deviations (SDNN) of all normal
consecutiveintervalswere considered. The differences
between values of maximal bradycardiaduring and of ma-
ximal tachycardiaimmediately following the phase of sus-
tained i nspiration weretaken asindexesof autonomic acti-
vity (D-BT ) corresponding to themodul ator potential of
the autonomic nervous system.

Body massindex was calculated with the formula
BMI=weight (kg) x height?(m?).

Continuous variables were represented in terms of
averagesz standard deviation. Dueto thestrong asymmetry
of its probability distribution function, for normalization
prior to analysis, the variables of total energy modulation
weretransformedinto natural logarithms(LnT).

A comparison between thevariationsin groups| and
Il in the frequency and time domains were made using
Student’ stwo-tailed s test. Discretevariableswereanayzed
by the chi-squaretest using Y ates correction or Fisher's
exacttest, for small samples.

Theinfluenceof controlled respiration onthehighfre-
guency region of the power spectrum was compared with
that of therest period for each group, using Student’ stwo-
tailed paired s test. Differencesbetween high frequency LnT
valuesat controlled respiration and at rest were compared
withthistest using unpaired approach.

Individualsin eachageof group Il werestratified re-
garding the presenceof LV H, overweight, and diabetesand
analyzed; atwo-tailed Student’ st test wasusedto compare
their variablesinthefrequency and timedomains.

For analysisof their diagnostic values, variablesinthe
frequency and time domains;were dichotomized asbelon-
ging to groups of subjects aged between 40 and 59 years
and above 60 yearsold, respectively. Thiswasachieved by
analyzing the function defined by the products of the dis-
tributions of the probability functions of each group (see
Appendix). Specificity and sengitivity valueswereidentified
at pointsmaximizing thisfunction; their statistical signifi-
cance was evaluated by the application of the chi-square
test to the comparisonsof proportions. Datawereanayzed
using the statistical modulus Stratographics (Statistical
Graphics Corporation, USA). Global significancelevels
wereset at 0.05for all tests.
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Fig. 2 - Effect of controlled respiration (CR) on the power spectrum of subjectsin group I. To theleft, aseriesof normal RR intervals; to theright, the respective power spectrumina
basal record (above) and during the CR maneuver (below). Note that during CR, the energy of the spectrum is concentrated in the high frequency band and itsvaueis significantly
increased. VLF, very low frequency (0.01-0.05 HZ); LF, low frequency (0.05-0.15 Hz); HF, high frequency (0.15-0.40 Hz); insp - inspiration; exp - expiration.

Results

Tablel presentsmodul ation energy valueslogarithmi-
cally transformed of groups studied in the frequency do-
main. Vauesfor group llaweresignificantly (p<0.001) lower
than those for group la. Differences between values for
groups|lband group Ib werenot significant. LnT risesat
high frequency (HF) during controlled respiration (CR) in
group llawerelower thanthoseingroup la(p=0.02). LnTs
in group I1b were not different from those in group Ib
(p>0.05).

Vauesof SONN andof D-BT,__ inthetimedomain of

group llaweresmaller thanthoseingroup la(p<0.001, and
p=0.03. respectively). Records for group I1b were not
different fromthosefor group Ib (Tablel).

The presenceof LV H, overweight, or diabetesdid not
significantly influencethevariability in heart rateingroups
llaandlIb(Tableslll and1V). Differenceswererecordedfor
HF CR and left ventricular hypertrophy for grouplla.

TableV shows frequency and time domainsvaria-
bles sectioned according to age (for groups | and I1).
Between 40 and 59 years old, values after sectioning
equal 74.1% specificity at high frequency (p<0.001) and
100% specificity at high frequency during controlled

Table III — Comparison between VRR parameters of group Ila patients with and without left ventricle hypertrophy (LVH), type II diabetes mellitus
(DM), and overweight (OW)

LVH No-LVH p’ DM No-DM p’ ow No-OW p’
N 22 18 - 7 33 - 18 22 -
Age (years) 47.8+£5.5 49.8+6.7 NS 54.9+5.7 47.4+4.4 0.003 48.2+5.5 48.9+7.2 NS
Sex (F/M) 9/13 5/13 NS 2/5 12/21 NS 7/11 7/15 NS
MCF (bpm) 72.7£14.0 72.1£13.2 NS 73.0£8.0 72.3£145 NS 73.1£12.3 712121 NS
DPNN (ms) 27.4£11.2 26.5£13.3 NS 26.1+£5.8 27.2£13.0 NS 28.1£13.4 27.3£10.6 NS
TMELNT (Lnms?) 5.2+1.0 5.0£1.0 NS 5.0£0.4 5.1+1.1 NS 5.2+0.9 5.1+0.9 NS
HFLNT (Ln ms?) 4.0£1.4 3.9£1.3 NS 3.7£0.8 4.0£1.4 NS 4.1£1.2 3.9£1.2 NS
HF CRLNT (Lnms?) 4.1£0.7 6.3+0.7 0.01 5.1£1.3 6.5+£0.7 NS 6.0£1.1 4.9+1.8 NS
D-BT , (bpm) 14.9+3.8 17.0+9.5 NS 16.4+8.7 16.0+7.0 NS 15.0+7.6 19.2+7.2 NS

*- Level of satistical significance; values expressed as mean+SD; HF- high frequency; TME LnT- totdl modulatory energy; CR- controlled respiration; D-BT, -
difference between maximal brady-and tachycardia during and following sustained inspiration; LnT- logarithmic transformation (refer to text for details).
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Table IV — Comparison between VRR parameters of group IIb patients with and without left ventricle hypetrophy (LVH), type II diabetes mellitus (DM),
and overweight (OW)

LVH No-LVH p DM No-DM p’ ow Non-OW p’
N 9 21 - 9 21 - 4 26 -
Age (years) 68.9+5.7 70.0£5.5 NS 72.245.8 68.5+5.1 NS 72.0+7.0  69.3%5.4 NS
Sex (F/IM) 8/1 12/9 NS 6/3 14/7 NS 4/0 16/10 NS
MCF (bpm) 70.6+10.2 73.4+10.4 NS 71.4+11.1 73.1+10.1 NS 71.7£7.8 73.7£9.6 NS
DPNN (ms) 21.0£3.8 20.8+5.9 NS 21.0+4.2 20.845.8 NS 20.8+4.8 21.0£¢5.5 NS
TMELNT (Lnms?) 45+1.0 4.6+0.8 NS 45+1.1 4.5+0.8 NS 5.0£0.8 4.5+0.9 NS
HFLNT (Lh ms?) 3.4+1.4 3.8+0.9 NS 3.6£1.4 3.7£0.9 NS 41+1.1 3.6£1.0 NS
HF CRLNT (Ln ms?) 4.9+0.4 4.9+0.4 NS 4.6+0.2 5.1+0.6 NS 4.9+0.4 4.9+0.4 NS
D-BT ., (bpm) 16.8+6.1 17.0+£6.3 NS 18.7+6.2 16.4+6.2 NS 14.9+3.8 14.9+3.8 NS
*- Level of satistical significance; values expressed as mean+SD; HF- high frequency; TME LnT- totdl modulatory energy; CR- controlled respiration; D-BT, -
difference between maximal brady-and tachycardia during and following sustained inspiration; LnT- logarithmic transformation (refer to text for details).

Tabela V — Diagnostic values of variables analyzed

Vaue at sectioning Specificity Sensitivity

3 40 yearsand < 60 years

MCF (bpm) 67.2 514 % (p<0.001) 335 % (p<0.001)
DPNN (ms) 27.8 762 % (p<0.001)  61.0 % (p<0.001)
TMELNAT (Lnms?)  304.9 726 % (p<0.001)  80.7 % (p<0.001)
HFLNT (ms?) 1215 741 % (p<0.001)  67.1 % (p<0.001)
HFCRLIT (me) 497.7 100.0 % (p<0.001)  71.4 % (p<0.001
D-BT,, (bpm) 16.4 91.3 % (p<0.001)  54.3 % (p<0.001)

3 60 yearsand £ 80 years

MCF (bpm) 60.7
DPNN (ms) 18.1
TMELNT (Lnms?)  102.5
FHLAT (Lnms) 447
FH CRLNT (M) 141.2
D-BT,, (bpm) 15.9

60.1 % (p<0.001)
65.0 % (p<0.001)
48.2 % (p<0.001)
54.6 % (p<0.001)
65.0 % (p<0.001)
58.7 % (p<0.001)

18.3 % (p<0.05)
53.8 % (p<0.001)
61.6 % (p<0.001)
62.3 % (p<0.001)
75.0 % (p<0.001)
56.3 % (p<0.001)

respiration (p<0.001). Values of 72.6% specificity
(p<0.001) werefound for total modulation energy.

Sensitivity was 67.1% at high frequency (p<0.001),
71.4% at high frequency during controlled respiration
(p=0.001), and 80.7%for total modul ation energy (p<0.001)
inthefrequency domain.

Variablevaluesat sectioning inthetimedomain were
76.2%specificity for SONN (p<0.001) and91.3%for D-BT
(p<0.001). Sensitivities had values of 61.0% for SDNN
(p<0.001) and54.4%for D-BT __ (p<0.001).

Discussion

Initial studiesonthebehavior of thevariability of heart
rateinsystemicarteria hypertensionwereperformedusing
techniques that analyzed reflex control of heart rate
mediated by baroreceptors. Bristow et al > and Gribbinet al
% showed that the reduction in heart rate consequent to
baroreceptor activation evoked by increased arterial
pressurewassignificantly lessconspicuousin hypertensi-
veindividuals. Manci et a ! verified that reflex tachycardia
caused by alowered arteria pressure consequent to deacti-
vation of baroreceptorswassignificantly smaller in hyper-
tensive subjects. These findings demonstrate the close

rel ation between mechanismscontrolling arterial pressure
and the variability of heart rate, which areimpaired in
systemic arterial hypertension.

Inthefrequency domain, the power spectrum band re-
presenting modul ation energy of the vagosympathetic
system (or total modulation energy) showed significantly lo-
wer valuesin group Ilacompared with valuesin group la
(Tablel). Thisdemonstratesthat in hypertensiveindividuas
of this age group variability in heart rateis significantly
blunted. Ontheother hand, in agreement with Aono et al #,
we verified that values of total modulation energy were not
different between groupsibandIlb, verifying that ingroup
Ila-autonomic modul ation of the heart wasimpaired by
systemicarteria hypertension, butingroupI1b, thereduced
modulation caused by aging wasnot worsened by hyperten-
sion. Thisisreinforced by theanalysi sof the predominantly
vaga modulation. Thus, comparinggroups! and g, both at
rest and during controlled respiration, valueswerelarger in
group la(p<0.05). However, whenva uesat high frequency
and high frequency controlled respiration were analyzed
under identical conditions, no significant differences bet-
weenindividualsingroupsibandllbwerefound (Tablel).

On analyzing differences between high frequency
values observed prior to and during controlled respiration
within each group, we observed that the increase in vagal
modulation energy waslessexpressiveingroup lla, Iband
Ib. Thisresult verifiesthat in the process of autonomic
demodulation of the heart the parasympathetic loop was
significantly blunted both by age and by arterial hyperten-
sion. Itisimportant to note that in individuals 60 yearsold
and above, the presence of arterial hypertension does not
intensify the decrease in modulating energy imposed by
aging; this contrasts with effects observed among indivi-
dualsingrouplla. Inthehigher agegroup, increased arterial
wall rigidity consequent to aging, which directly decreases
pressoreceptor sensitivity, isnot aggravated by increased
levels of tension. In other conditions, like Parkinson's
disease, in which direct lesions of the autonomic nervous
system may occur, valuesof thepotency energy spectrumin
the aged are significantly smaller than those observed in
controlsof thesameagegroup’. Similarly tothat observedin
the frequency domain, variablesin the time domain also
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underwent alterations. On analyzing the DPNN values of
group lla, weverifiedthat they weresignificantly smallerthan
thoseingroup la(p=0.001, Tablel). Thesedifferenceswere
not significant between groupsib and I1b. Y et, in thetime
domain, weobservedthat D-BT, _ wassignificantly smalerin
group llacomparedwiththat ingroup la(p=0.03), but it was
not differentingroupsibandl|b.

Theanalysisof thevariability in heart rateasafunc-
tion of the existence of diabetes, LVH, or overweight, we
observed that this variability was not aggravated by the
presenceof thesemorbid conditions, bothin regardstofre-
quency andtime(Tablesll and V). Thisfinding differsfrom
somereportsinthespecidized literature®*. |t appearsplau-
sible, therefore, that these conditionsdo not aggravatealte-
rations determined by systemic hypertension properly.

From theetiopathogenetic viewpoint, autonomic dys-
function determined by aging®2* or dueto variousdiseases
57isrelatedto 2 basic causes: 1) alterationsin pressorecep-
tor mediated reflexes and 2) intrinsic alteration of the
vagosympathetic system.

Inhealthy individuals, oscillation of intrathoracic pres-
sureevoked by respiratory movement determinesincreases
and decreasesin systolic gection volume?. These varia-
tions contributeto asignificant extent to modificationsin
arterial pressureduringtherespiratory cycle. Variationinin-
travascular arterial pressureconditioned by respiratory mo-
vement is perceived by pressoreceptors that modify, mo-
ment by moment, efferent potential sconducted tothevaso-
motor center by the aortic and carotid depressor nerves.
Uponarrival tothe center and proper processing, thisinfor-
mation travel s viavagosympathetic efferent pathwaysto-
wards the heart and vessel s causing respectively, cyclic
variation in heart rate (respiratory sinus arrhythmia) and
peripheral arterial resistance, counteracting variationsin
strokevolumeand preventing largefluctuationsin arterial
pressure(Figure 3).

Insystemicarterial hypertension, pressoreceptor me-
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Fig. 3 - Representative scheme of the effect of respiratory phases of inspiration and
expiration on the control of heart rate mediated by pressoreceptors. SO, systolic
output; AP, arterial pressure; SIMP, sympathetic; PAR, peripheral arterial
resistance; CO, cardiac output.
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diated regulatory mechanismsundergo recycling®andin
thesame manner asinthe aged becomelesssensitive. Con-
sequently, reflexesshow areductioningain, thatis, asmaller
number of action potentialsper mmHg of oscillation of arte-
rial pressure in the depressor nerves occurs. The first
reflexes act by displacing the threshold of pressoreceptor
action to higher arterial pressure levels. The second stop
the processing of small arterial pressure variations, atte-
nuating thereflex-modul ating capacity of thevagusnerve
on heart ratevariability, enhancing that of the sympathetic
systemon arterial vessels.

Fromthediagnostic viewpoint, by presenting better in-
dexesof discrimination betweengroups| and |1, total modula-
ting energy (TME) andthat rel ativeto autonomic modulation
including highfrequency control of respirationandD-BT
may congtituteanimportant auxiliary tool for thediagnosisof
systemicarteria hypertension. Controlled highfrequency res-
pirationdlowedtheidentification of 100%of theindividuadsin
group laand 71.4% of thosein goup |13, among dl variables
analyzed, it had the highest diagnostic valuefor subjectsin
groups b and I1b. Therefore, the presence of aterationsin
theseindexesin patientswith high pressureval uesranforcesa
diagnosis of systemic arterial hypertension indicating the
exigenceof animpaired cardiacmodul ating system.

Thus, wemay statethat variablesthat quantify varia-
bility in heart rateboth inthefrequency andtimedomains, if
recorded from patientswith systemic arteria hypertension,
havesignificantly lower valuescompared withthevaluesin
healthy subjects. This difference reflects the degree of
impairment in baroreflex mediated autonomic cardiac
modulation; it can corroborate the diagnosis of systemic
arteria hypertension, bringing out theimportanceof agein
the process of autonomic control of the heart.

Appendix

For thecd culation of sensitivity and specificity, anem-
pirical formulahaving thefollowing stepswasdevel oped:

a) construct a histogram of distribution of values of
variableX, dividedinto N classeswith anamplitudeinterval
for each numbered class(C,), for groups| and |1 (seedefini-
tion under Methods). Intervals C, are defined by lower
[(Inf)C] and upper [Sup(C)], sothat variable X belongsto
theinterval whenInf (C) £ X <Sup(C). Thus, functionsp
(XeC))andq(XeC), representing theva uesof the probabi-
lity of X, associated witheach C. classof therespectivehis-
togramsof groups| (p) and 11 (q), become defined.

b) the probahility distribution function of variable X is
defined by thecumul ativesumof theprobabilitiesof al N (C)
of thehistogram of eachgroup. Thus, functionsp(X£C) and
Q(X£C) arefunctionsof thedistribution probability of X to
represent the probability that values of X < Sup(C), respec-
tively to groups| (p) and Il (Q). p(XEC) and Q(X£EC)) are
equa to1for C , zerofor C , andgrow monotonically.

¢) FunctionM(C) isdefined as[1-p(X£C)] Q(X£C).
M(C) hasvauesequal to zero at theextremes (C and C )
and themaximal valuebetweenthem (C__). Sensitivity is
definedasQ(X£C ), and specificity as[1-p(XEC _)].
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