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Effect of slow breathing on the blood pressure
and the Valsalva ration in prehypertensive
Indian students

Iryna Oleksandrivna Yepryntseva, The purpose of this study was to evaluate the effect of slow
breathing and prehypertension (PHT) on cardiovascular and
Larisa Semyonovna Shchyrova, HRYV variables and on the Valsalva ratio (VR). ECG was record-
ed in 39 normotensives and 35 prehypertensives at 5 min rest-
Vera Evgenievna Shekh* ing and slow breathing (6 breaths/min) stages to obtain HR, LF
and HF power; SBP and DBP were recorded at the end of each
Department of Human and stage. The Valsalva manoeuvre was performed after resting and
Animal Physiology, slow breathing stages. Two-way repeated MANOVA was used to
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test for the effects of PHT and slow breathing. Stepwi Iti-
4 Svobody Sq, Kharkiv 61022, Ukraine est for the effects o and slow breathing. Stepwise multi

ple linear regression analysis was used to reveal predictors of HR,
SBP and DBP. The normotensives and the prehypertensives dem-
onstrated reduction of SBP during slow breathing (117.95 + 0.73
vs. 115.18 + 0.91 mm Hg, P = 0.001 and 130.09 + 0.08 vs.
125.91 £ 0.96 mm Hg, P < 0.001, respectively). At rest, the VR was
lower in prehypertensives (1.69 £ 0.05 vs. 1.87 + 0.05, P = 0.009).
After slow breathing, the VR increased significantly only in pre-
hypertensives (P = 0.008), it was no longer different from that of
normotensives (1.82 + 0.06 vs. 1.90 + 0.06, P = 0.346). The LnLF
power, interpreted according to our hypothesis described pre-
viously as sympathoinhibition, increased in both groups. Slow
breathing reduced SBP in normotensives and prehypertensives as
a result of an increase in sympathoinhibition in both groups and
VR, considered as a surrogate marker of the baroreflex activity, in
prehypertensives.
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INTRODUCTION diovascular disease and premature mortality

(Chobanian et al., 2003). The impaired cardiovas-
Hypertension has been well documented as cular autonomic regulation plays a crucial role in
a major risk factor and a leading cause of car- the initiation and maintenance of hypertension;
it also represents an important component in
* Corresponding author. Email: vshekh@karazin.ua, the pathophysiology of hypertension (Wu et al.,
verashekh@gmail.com 2008; Chobanian et al., 2003).
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It has been shown previously that the blood
pressure (BP) can be reduced by lowering
the respiratory rate and that the respiratory
modulation may be of a therapeutic value in
controlling hypertension (Joseph et al., 2005;
Raupach et al., 2008; Sharma et al, 2011).
Reduction of the respiratory rate lowered
the blood pressure (BP) by a modulation of
autonomic activity at both baroreflex and
central levels (Benarroch, 1993; Joseph et al.,
2005; Raupach et al., 2008; Sharma et al., 2011;
Hilz et al.,, 2016). The changes in sympathetic
and parasympathetic activity are provided via
increased heart rate variability and baroreflex
sensitivity (Grossman et al., 2001).

The analysis of heart rate variability (HRV)
is a potentially useful tool for the evaluation of
the autonomic nervous system activity and its
contribution to the cardiac function in health
and disease (Task Force of the European So-
ciety of Cardiology, and the North Ameri-
can Society of Pacing and Electrophysiology,
1996; Goldstein et al., 2011; Reyes et al., 2013).
The spectral power of high frequency (HF) of
HRV oscillations is widely accepted as a meas-
ure of the cardiac vagal activity; nevertheless, an
interpretation of the spectral power of low fre-
quency (LF) is more controversial. According
to our hypothesis, LF HRV power is a measure
of inhibition of the sympathetic nervous system
activity elicited by baroreflex (Shekh, 2018).

The Valsalva manoeuvre (VM) tests the af-
ferent, central, and efferent sympathetic and
parasympathetic baroreflex pathways (Hilz
et al,, 2016). The Valsalva ratio (VR) is a meas-
ure of the heart rate (HR) response to BP
changes resulting from the mechanical and
cardiovascular effects of the Valsalva manoeu-
vre (Nahm and Freeman, 2007). There are
four phases of VM, indicating BP variations.
In phase II, BP falls; this leads to parasympa-
thetic withdrawal and sympathetic activation
resulting in an increase in HR that reaches its
maximum value. In phase IV, the BP reaches
its maximum and the HR falls to the minimum
level. The VR is calculated as HRmax/HRmin.
A normal VR reflects an intact baroreceptor-
mediated rise and fall in HR. A reduced VR

reflects baroreceptor and cardiovagal and, pos-
sibly, sympathetic dysfunction. Thus, the Val-
salva ratio provided us, at least in some cases,
with a rapid and noninvasive tool in the evalu-
ation of the subject’s baroreflex and autonomic
dysfunction (Emond, Lebel, 2002).

The purpose of this study was to evaluate
the effect of slow breathing on the HR, systolic
and diastolic blood pressure (SBP and DBP, re-
spectively), VR, and HRV indices in normoten-
sive and prehypertensive (PHT) subjects. Our
basic study hypothesis was that slow breathing
reduces the systolic blood pressure in prehy-
pertensive subjects by means of an increase in
the Valsalva ratio, a surrogate marker of barore-
flex activity.

MATERIALS AND METHODS

Thirty-nine normotensive and 35 prehyperten-
sive young men were recruited from the student
population from India at V. N. Karazin Kharkiv
National University. All of the participants gave
written informed consents.

The resting stage was followed by the stage of
slow breathing (six breaths per minute), each of
5 min in duration. The durations of the inspira-
tory and expiratory phases were set at 1:1. Dur-
ing the slow breathing stage, the subjects were
asked to breathe as comfortably and effortlessly
as possible, while keeping the lungs moving
in accord with the audio signals generated by
paced breathing test software for HRV analysis
(CardioLab CS, XAI-Medica, Ukraine).

During the Valsalva manoeuvre after maxi-
mum inhalation, the subjects were asked to
blow into a mouthpiece connected to an an-
eroid manometer and to maintain a pressure
of 40 mmHg for 10-15 s while the ECG was
continuously recorded. A nose clip was used to
prevent air leakage. The Valsalva ratio (VR) was
calculated as the maximum HR, which occurs
during the Valsalva manoeuvre in phase II, di-
vided by the minimum HR, which occurs af-
ter the cessation of the Valsalva manoeuvre in
phase IV (VR = max HR/min HR). The VR was
recorded twice: immediately after the resting
and slow breathing stages.
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The ECG was continually recorded and trans-
ferred to PC which produced automated mea-
surements of ECG parameters (Shekh, 2016). LF
and HF power expressed in absolute units was
obtained by means of fast Fourier transforma-
tion and used for frequency-domain analysis.

Measurements of the systolic and the dias-
tolic BP (SBP and DBP) were conducted using
the automatic blood pressure digital sphyg-
momanometer (Nissei WS-1011, Nihon Seim-
itsu Sokki Co., Ltd, Japan). The blood pressure
was measured at 4.5 minute of each stage.

Two-way repeated MANOVA with Bonfer-
roni correction was used to test for possible
effects of PHT, slow breathing, and their inter-
action on cardiovascular and HRV variables.
The body mass index (BMI) was taken into
account by means of two-way repeated MAN-
COVA. In the case of a significant main effect
or/and significant factors interaction the sim-
ple effects were tested by means of SPSS com-
mand syntax. The stepwise multiple linear re-
gression analysis was used to reveal the relative
importance of LnLE, LnHE and VR in HR, SBP
and DBP, adjusted also for the presence of pre-
hypertension, centred BMI, height, two- and
three-way interactions. The null hypothesis was
rejected at P < 0.05. All analyses were conduct-
ed using SPSS 22.

RESULTS
There were no significant differences in age and

height between normotensive and prehyper-
tensive groups (Table 1). However, the BMI was

Table 1. Anthropometric characteristics of the
participants

Normotensive | Prehypertensive
n 39 35
Age, years 20.31 £0.27 20.00 £ 0.29
Height, m 1.70 £ 0.01 1.72 £ 0.02
BMI kg/m*>  23.26 + 0.68 26.18 £ 0.72**

Data are expressed as means + SE; n, number of partici-
pants; ** P < 0.01, vs. normotensives, were found from
the general linear model (GLM) MANOVA.

significantly higher in prehypertensive subjects
then in normotensives. That is why two-way
repeated MANCOVA with BMI as a covariate
was used for the comparison of HR, SBP, DBP,
LnLE LnHE and VR between normotensive
and prehypertensive subjects.

Heart rate. The heart rate significantly in-
creased during slow breathing in both normo-
tensive and prehypertensive groups (Fig. 1).
No differences were observed between normo-
tensive and prehypertensive groups at rest and
during slow breathing.

Systolic and diastolic blood pressure. As
it was expected according to inclusion crite-
ria, SBP and DBP were significantly higher in
prehypertensive subjects (Figs. 2A and 2B, re-
spectively). Both normotensive and prehyper-
tensive groups demonstrated a reduction of
SBP during slow breathing (Fig. 2A). However,
the SBP decreased at a higher significant level
in prehypertensives. Unlike the systolic blood
pressure, the DBP did not change statistically
significantly during slow breathing (Fig. 2B).

LnLF and LnHF HRV power. The LnLF
power increased significantly in both groups
(Fig. 3A) during slow breathing, while LnHF was
not affected statistically significantly (Fig. 3B).
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Fig. 1. Effect of slow breathing on the heart rate
(HR) in normotensive and prehypertensive groups.
*** P < 0.001, were found from the general linear
model (GLM) two-way repeated measures MANO-
VA. Data are expressed as means + SE
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Fig. 2. Effect of slow breathing on SBP (A) and DBP (B) in normotensive and prehypertensive groups.
** P < 0.01; ** P < 0.001, were found from the general linear model (GLM) two-way repeated measures

MANOVA. Data are expressed as means + SE
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Fig. 3. Effect of slow breathing on LnLF (A) and LnHF (B) in normotensive and prehypertensive groups.

*** P < 0.001, were found from the general linear model (GLM) two-way repeated measures MANOVA.

Data are expressed as means + SE

Valsalva ratio. The baseline Valsalva ratio
was lower in prehypertensives than in normo-
tensives (Fig. 4). Five minutes of slow breathing
resulted in a statistically significant increase of
the Valsalva ratio only in prehypertensives, so
that after slow breathing it was no longer re-
duced in the prehypertensive group compared
with the normotensive one.

The inclusion of the BMI as a covariate into
analysis (MANCOVA) did not change any of

these differences and in some cases the level
of statistical significance even increased (not
shown).

The stepwise multiple linear regression
analysis revealed that SBP and DBP were posi-
tively associated with prehypertension (PHT)
at rest and during the slow breathing stage
(Tables 2 and 3). The effect of PHT depended
on LnLF and LnHF power at rest (LnLFrest
and LnHFrest, respectively) (Table 2). In turn,
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Fig. 4. Effect of slow breathing on the Valsalva ratio
(VR) in normotensive and prehypertensive groups.
** P < 0.01, were found from the general linear
model (GLM) two-way repeated MANOVA. Data
are expressed as means + SE

Table 2. Predictors of HR, SBP, and DBP at the resting stage. Final stepwise regression coefficients of
the models including centred variables, two-way, and three-way interactions. The reference category

was normotensive subjects

Unstandardized
. Standardized coeflicients
Models coefficients P
B Standard error Beta

Model 1, dependent variable: HRrest, R* = 0.102
(Constant, bpm) 71.824 0.905 <0.001
LnHFrest, Lnms2 -2.888 1.011 -0.319 0.006

Model 2, dependent variable: SBPrest, R* = 0.731
(Constant, mm Hg) 118.212 0.664 <0.001
PHT 12.928 1.030 0.855 <0.001

PHT*LnLFrest*LnHFrest,
-2.271 1.004 -0.154 0.027
Lnms2*Lnms2
LnLFrest*VRrest*Height,
-117.395 42.984 -0.174 0.008
Lnms2*m
LnHFrest*VRrest*BMI,
-2.359 0.647 -0.230 0.001
Lnms2*kg/m’

Model 3, dependent variable: DBPrest, R? = 0.339
(Constant, mm Hg) 71.000 0.773 <0.001
PHT 6.829 1.124 0.582 <0.001

N = 74; PHT, prehypertension; VRrest, Valsalva ratio measured after the resting stage; HRrest, heart rate at the resting

stage; SBPrest and DBPrest, systolic and diastolic blood pressure at the resting stage; LnLFrest and LnHFrest, natural

logarithm of low and high frequency power at the resting stage; BMI, body mass index.

the effect of LnLFrest depended on resting
VR (VRrest) and height, while the effect of
LnHFrest depended on VRrest and BMI. How-
ever, during the slow breathing stage the effect
of PHT on SBP (SBP6) depended on VR (VR6)
only (Table 3).

At rest, HR was negatively associated with
LnHFrest only (Table 2). During slow breath-
ing, HR was negatively associated with LnHF
(LnHF6), similarly to the resting stage. Mean-
while, it was also negatively associated with
LnLF (LnLF6) and positively associated with
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Table 3. Predictors of HR, SBP and DBP at the slow breathing (6 breaths/min) stage. Final stepwise
regression coefficients of the models including centred variables, two-way and three-way interactions.

The reference category was normotensive subjects

Unstandardized coefficients | Standardized coefficients
Models P
B Standard error Beta
Model 1, dependent variable: HR6, R* = 0.527
(Constant, bpm) 77.477 0.818 <0.001
VR6 9.502 2.475 0.351 <0.001
LnLF6, Lnms2 -4.675 1.815 -0.267 0.012
LnHF6, Lnms2 -3.383 1.303 -0.277 0.012
VR6*Height, m -108.631 33.013 -0.291 0.002
VR6*LnLF6, ms2 -12.182 5.129 -0.229 0.020
VR6*LnLF6*BMI,
-5.499 1.341 -0.450 <0.001
ms2*kg/m?
VR6*LnHF6*BMI,
2.678 1.039 0.290 0.012
ms2*kg/m’
Model 2, dependent variable: SBP6, R* = 0.523
(Constant, mm Hg) 115.179 0.874 <0.001
PHT 10.393 1.278 0.670 <0.001
PHT*VR6 -8.271 3.210 -0.212 0.012
Model 3, dependent variable: DBP6, R* = 0.417
(Constant, mm Hg) 70.816 0.801 <0.001
PHT 7.791 1.171 0.608 <0.001
Height, m -28.982 8.386 -0.316 0.001

N = 74; PHT, prehypertension; VR6, Valsalva ratio measured after the slow breathing (6 breaths/min) stage; HR®6,

heart rate at the slow breathing (6 breaths/min) stage; SBP6 and DBP6, systolic and diastolic blood pressure at the slow

breathing (6 breaths/min) stage; LnLF6 and LnHF6, natural logarithm of low and high frequency power at the slow

breathing (6 breaths/min) stage; BMI, body mass index.

VR6 (Table 3). The effect of LnLF6 and LnHF6
on the HR6 depended on VR6 and BMI, and
the effect VR6 on HR6 depended on height.

DISCUSSION

The current study, showing an increase in
the Valsalva ratio and a decrease in the systol-
ic blood pressure in prehypertensive subjects
during slow breathing, extends our previous
observations of the effects of slow breathing on
the blood pressure and HRV (Shekh, 2017).
Since hypertension has been well docu-
mented as a major risk factor for cardiovascu-
lar diseases, the search for both pharmacologi-

cal and non-pharmacological methods is one
of the main tasks of medical and physiological
scientific researches. In congruence with pre-
vious researches, in the current study the low-
ering of the respiratory rate to 6 breaths/min
led to a significant reduction of systolic blood
pressure in the prehypertensive group. The de-
crease of the SBP by means of the respiratory
modulation was shown in patients with chronic
heart failure (Bernardi et al., 2002), essential
hypertension (Joseph et al., 2005), in hypoxic
patients with chronic obstructive pulmonary
disease (COPD) (Raupach et al., 2008), and in
young men from different ethnic/racial popu-
lations developing hypertension (Shekh, 2017).
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However, unlike in previous reports, in the cur-
rent study the SBP decreased in normotensive
subjects as well. This finding may be explained
partially by the difference in age, ethnicity,
the technique of respiration modulation, and
a relatively large sample size in the current re-
search. In addition, some previous studies re-
ported a trend of the decrease of the SBP in
normotensives, but these differences did not
reach a significant level.

Despite slow breathing being the most pop-
ular approach among the non-pharmacological
methods used for lowering of the blood pres-
sure, specific mechanisms involved in the re-
duction of SBP remain unclear up until now.
However, it was proposed that modulation of
a set of reflexes, such as lung inflation reflexes,
baroreflex, chemoreflex, and central mecha-
nisms contributed to the lowering of the SBP
during slow breathing (Bernardi et al., 2002;
Joseph et al., 2005; Raupach et al., 2008; Shar-
ma etal., 2011). According to our study hypoth-
esis indicating that modulation of baroreflex
activity is the main contributor to the lowering
of the systolic blood pressure, the VR has been
recorded before and immediately after the slow
breathing procedure.

The VR is a measure of the HR response to
BP changes resulting from the mechanical and
cardiovascular effects of the Valsalva manoeu-
vre (Nahm, Freeman, 2007). This HR response
and, namely, VR, are provided by baroreceptors,
parasympathetic and sympathetic nerve fibres,
tractus solitarii, and rostral central autonom-
ic network (Benarroch, 1993; Emond, Lebel,
2002; Nahm, Freeman, 2007; Hilz et al., 2016),
and may be considered a surrogate marker of
baroreflex activity and possibly baroreflex sen-
sitivity. A normal VR reflects an intact barore-
ceptor-mediated rise and fall in the HR, while
areduced VR reflects baroreceptor, cardiovagal,
and possibly sympathetic dysfunction (Nahm,
Freeman, 2007). Thus the fact that the baseline
Valsalva ratio was lower in prehypertensive
subjects indicates that prehypertensives had
a reduced baroreflex activity. This finding sup-
ports the hypothesis that hypertension is etio-
logically linked to sympathetic activation and

associated autonomic imbalance as a result of
reduced baroreflex sensitivity (Joseph et al,
2005; Raupach et al., 2008; Sharma et al., 2011).

During slow breathing, the Valsalva ratio
increased significantly only in prehypertensive
subjects in congruence with the data of other
authors who reported that slow breathing in-
creased arterial baroreflex sensitivity in patients
with chronic heart failure (Bernardi et al., 2002),
that slow breathing improved arterial baroreflex
sensitivity and decreased the blood pressure in
essential hypertension (Joseph et al., 2005), and
that slow breathing reduced sympathoexcita-
tion in COPD (Raupach et al., 2008). As a re-
sult, the VR was no longer different between
normotensives and prehypertensives, possibly
indicating an improvement of baroreflex sensi-
tivity in prehypertensives.

The HRV analysis is a potentially useful tool
for the evaluation of autonomic nervous system
activity (Task Force of the European Society of
Cardiology, and the North American Society of
Pacing and Electrophysiology. Heart rate vari-
ability. Standards of measurement, physiologi-
cal interpretation, and clinical use, 1996; Gold-
stein etal., 2011; Reyes et al., 2013). The spectral
power of HF HRV power is widely accepted as
a measure of the cardiac vagal activity, while an
interpretation of LF HRV power is more con-
troversial. We proceeded from the assumption
that LF HRV power represents sympathoinhib-
itory arm of baroreflex (Shekh, 2018). In con-
gruence with previous reports, in the current
study the LnLF power was increased during
slow breathing in both groups (Pitzalis et al.,
1998; Wang, 2013; Shekh, 2017). It is proposed
that this evaluation of LnLF power represents
an increase in inhibitory influences exerted on
the sympathetic nervous system. As a result,
SBP decreases in normotensive and prehyper-
tensive subjects.

As it was expected, multiple regression anal-
ysis revealed that SBPrest was positively associ-
ated with prehypertension; however, in the case
of high values of LnLFrest and LnHFrest power
indicating high values of parasympathetic ac-
tivity and sympathoinhibition, the effect of pre-
hypertension was weaker. In turn, the effect of
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LnLFrest and LnHFrest depended on VRrest,
a surrogate marker of baroreflex activity. How-
ever, the most important predictors of SBP6
remaining in the model were prehypertension
and prehypertension by VR6 interaction indi-
cating that after slow breathing the belonging
to prehypertensive group is determined by ba-
roreflex activity.

Unlike the SBP, the heart rate and the DBP
did not drop in any group during slow breath-
ing in agreement with most of previous reports
(Bernardi et al., 2002; Joseph et al., 2005; Rau-
pach et al., 2008; Shekh, 2017). Even more,
the HR was significantly increased in both
groups. A possible explanation of this obser-
vation is that due to coupling of the SBP and
the HR by baroreflex and increase of barore-
flex activity during slow breathing, reduction
of the SBP led to the increase of HR. The base-
line HR was negatively associated only with
the LnHF power, indicating predomination of
parasympathetic regulation at rest. But during
slow breathing it was positively associated with
the VR, indicating that the high activity of ba-
roreflex during the reduction of the SBP lead
to the increase of the HR; and negatively asso-
ciated with LnLF and LnHF power, as sympa-
thoinhibitory and cardiovagal arms of barore-
flex, respectively, indicating that a high level
of the sympathoinhibition and cardiovagal
activity decreases the HR. During slow breath-
ing, the effect of the VR on the HR depended
on the LnLF power, LnHF power, height, and
the BMI, indicating that the baroreflex activity
(1) increases the HR in tall subjects less than in
short ones; (2) increases the HR less in subjects
with high sympathoinhibitory activity, and it is
especially for obese individuals; (3) increases
HR less in lean subjects with high parasympa-
thetic activity. As the HR is one of the determi-
nants of the DBP, reduction of the DBP was not
observed like in the case of the SBP.

CONCLUSIONS
The slowing of breathing to 6 breaths/min sig-

nificantly reduced the systolic blood pressure
in normotensive and prehypertensive Indian

students as a result of an increase in sympath-
oinhibition in both groups, and VR, considered
as a surrogate marker of baroreflex activity, in
prehypertensives.
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LETO KVEPAVIMO POVEIKIS PREHIPER-
TENZINIU INDIJOS STUDENTU KRAU-
JOSPUDZIUI IR VALSALVOS SANTYKIUI

Santrauka

Tyrimo tikslas buvo nustatyti léto kvépavimo po-
veikj prehipertenzinei (PHT) buklei, Sirdies ir
kraujagysliy sistemai, Sirdies ritmo daznio va-
riabilumui (RDV) ir Valsalvos santykiui (VS).
Elektrokardiograma (EKG) buvo atlikta 39 normo-
tenzinés ir 35 prehipertenzinés buklés asmenims
ramybés ir léto kvépavimo metu (6 jkvépiai per
minute); SD, ZD ir AD stiprumas registruotas kas
5 minutes, SKS ir DKS registruoti kiekvieno etapo
pabaigoje. Valsalvos manevras atliktas po poilsio ir
léto kvépavimo etapy. Dvikrypciais kartotiniais ma-
tavimais MANOVA siekta nustatyti léto kvépavimo
poveikj PHT biiklei. SD, SKS ir DKS rodikliams at-
skleisti taikyta daugialypé linijiné regresiné analizé.

Nustatytas SKS sumazéjimas léto kvépavimo metu:
normotenzinés buklés atveju - 117,95 £ 0,73 vs.
115,18 + 0,91 mm Hg, P = 0,001 ir 130,09 + 0,08;
PHT buklés atveju - 12591 + 0,96 mm Hg,
P <0,001. Poilsio metu VS buvo mazesnis esant pre-
hipertenzinei buklei - 1,69 + 0,05; normotenzinés
buklés atveju - 1,87 £ 0,05, P = 0,009. Po léto kvépa-
vimo VS reik$mingai padidéjo tik prehipertenzinés
buklés asmenims (P = 0,008), jis nebesiskyré nuo
normotenzinés buklés (1,82 + 0,06 vs. 1,90 + 0,06,
P =0,346). LnLF galia, interpretuota pagal anks¢iau
misy ikelta simpatinio slopinimo hipoteze, padi-
déjo abiejose grupése. Létas kvépavimas sumazino
normotenzinés ir prehipertenzinés bukliy SKS, nes
abiejose grupése sustipréjo simpatinis slopinimas.
Esant prehipertenzinei buklei, létas kvépavimas su-
mazino VS, kuris laikomas baroreflekso aktyvumo
pakaitiniu Zymeniu.

Raktazodziai: prehipertenzija, létas kvépavi-
mas, Valsalvos santykis, RDV



