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ABSTRACT
Background. Slow breathing training (SBT) has been proposed as a new non-pharmacological
treatment able to induce favorable effects in patients with chronic heart failure (CHF). However, no
information is available regarding its effects on orthostatic blood pressure (BP) changes in these
patients, an issue of practical relevance given the reported BP-lowering effect of SBT. The aim of
this study is to evaluate the influence of SBT on BP and whether SBT induces orthostatic
hypotension (OH) or changes in quality of life (QoL) in CHF patients. Methods. The analysis was
performed as part of an ongoing crossover open trial aimed at assessing the clinical effectiveness of
SBT in treated patients with CHF. The patients underwent 10–12 weeks of SBT with the RESPeRATE
device and 10–12 week follow-up under usual care. Patients were randomly divided into two
groups: group I began with SBT, followed by usual care; group II began with usual care, followed by
SBT. Patients undergoing SBT were asked to perform each day two separate 15 min sessions of
device-guided SBT at a breathing frequency of 6 breaths/min. In all patients, before the enrollment
and after each study phase, clinical data collection and BP measurements in sitting, supine and
standing position were performed. OH was defined as a decrease of� 20 mmHg in systolic blood
pressure (SBP) or� 10 mmHg in diastolic blood pressure (DBP) within 3 min of standing. QoL was
assessed three times at the beginning, and after each phase of the study by the Minnesota Living
with Heart Failure (MLHF) questionnaire. Results. Forty patients (two equal groups) completed the
study, with the following baseline characteristics: 32 males/eight females, age 63.3 ± 13.4 years, 25
with ischemic CHF, 37 in New York Heart Association class II and three in class III, left ventricular
ejection fraction 30.8 ± 6.7%, mean BP 138.7 ± 16.5/83.1 ± 11.5 mmHg, 23 with arterial hypertension
and four with a history of stroke. There were no significant differences between the groups in
clinical characteristics, SBP and DBP at rest, while seated and before and after standing up. OH
prevalence was low and did not change during the study (10% vs 10%). No significant difference in
average SBP and DBP changes secondary to body position were found when comparing the two
study phases. Decrease in MLHF score was observed in group I during SBT (p¼ 0.002), but not in
group II. Conclusions. Our data indicate that SBT is safe, does not affect the prevalence of OH in CHF
patients and shows a non-significant tendency to improve QoL. These results should be confirmed
in a larger sample of patients to support the safety of SBT and its possible benefits as a novel
component of cardiorespiratory rehabilitation programs in CHF.
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Introduction

Despite unquestionable advances in treatment causing
prolongation of survival, chronic heart failure (CHF)
remains an important cause of death among patients
with cardiovascular diseases. The prevalence of CHF
increases with age and with longer lifetime (paradoxic-
ally due to better management of acute events) in
patients with hypertension and coronary heart disease,
diseases that constitute the most common causes of CHF
[1–3]. The Framingham Study showed that more than

90% of participants who developed CHF had antecedent
hypertension [4]. In recent years, the mortality of CHF
patients has only slightly improved [5]. Moreover, it is
estimated that in the future CHF treatment costs will
increase considerably [6]. It is worth underlining that
symptomatic heart failure negatively influences the
quality of life (QoL) in patients by restricting various
areas and domains of physical (fatigue, dyspnea, low
physical capacity), psychological (emotional distress,
depression) and social activities [7].
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A continuing search for treatment modalities able to
improve outcomes and QoL, and characterized by low
nuisance for CHF patients, is therefore necessary. New
non-pharmacological methods, including slow breathing
training (SBT), may be of particular interest in this regard
[8].

Slow breathing has a beneficial impact on the function
of the cardiovascular system in CHF patients [9]. It has
been shown that slow respiratory rate in CHF increases
blood oxygen saturation at rest, improves respiratory
exchange in the lungs, increases exercise tolerance by
reducing the sensation of breathlessness and reduces
excessive sympathetic activation, with a parallel increase
in baroreceptor sensitivity reflecting parasympathetic
modulation [10]. It has been demonstrated that slow and
deep respiration suppresses steady-state sympathetic
nerve activity in patients with high levels of resting
sympathetic tone, as in heart failure [11].

To self-maintain a constant and low number of
breaths per minute is a difficult task for a patient.
Devices that give visual and audible signals to help
patients to achieve a desired frequency of breathing may
be used. One such device is the RESPeRATE (InterCure,
Lod, Israel). So far, the device has been used as a non-
pharmacological method for lowering high blood pres-
sure (BP). Recommendations for the use of RESPeRATE
have been recognized by the American Heart Association
in the statement describing non-pharmacological meth-
ods for lowering BP [12].

An intervention potentially able to lower BP could
lead to orthostatic hypotension (OH) in CHF patients,
who commonly face low BP levels either spontaneously
or owing to pharmacological treatment for their condi-
tion. Immediately after standing up, a gravitational
displacement of blood occurs, with a decrease in venous
return to the heart and reduction in left ventricular (LV)
filling [13]. The result is a reduction in stroke volume
and cardiac output, which could lead to hypotension, but
which is commonly counteracted by the resulting

reduction in arterial baroreceptor stimulation and by
the consequent marked decrease in parasympathetic
activity mediated by the vagus nerve, leading to a heart
rate increase, and the increase in sympathetic activity,
leading to peripheral vasoconstriction and to a greater
LV contractility [14]. Patients with CHF demonstrate a
dysfunction of this baroreflex-mediated mechanism [15],
which may be one of the causes of the occurrence of OH
in these individuals.

In healthy elderly people, the incidence of OH is
estimated to be around 5–30% [16]. OH itself is
associated with an increased risk of cardiovascular
disease [17]. There is limited information, however, on
the frequency of OH in patients with CHF. This is an
important issue, because of the results of the Italian
GISSI-HF study: in almost 7000 patients with CHF it was
shown that low systolic blood pressure (SBP) increases
the risk of early death [18].

The aim of this study was to evaluate the influence of
SBT on BP and whether this recently proposed new type
of non-pharmacological treatment induces OH and
influences QoL in patients with CHF.

Materials and methods

Study design

The study is an ongoing crossover open trial where
patients, in random order, undergo a 10–12 week period
of SBT with the RESPeRATE device (InterCure, Lod,
Israel) and a 10–12 week follow-up period under usual
care without breathing exercises. Patients were randomly
divided into two groups: group I started with SBT
followed by usual care; group II started with usual care,
followed by SBT (Figure 1). Patients randomized to SBT
were asked to perform each day two separate 15 min
sessions of device-guided SBT at a breathing frequency
of 6 breaths/min. In all patients, before the enrollment
and after each study phase, clinical data collection, BP
measurements in supine and standing positions,

Figure 1. Study design. SBT, slow breathing training.
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polysomnography, beat-to-beat BP monitoring, echocar-
diography, Six-Minute Walk Test, 24 h Holter monitor-
ing, QoL assessment through the Minnesota Living with
Heart Failure (MLHF) questionnaire and laboratory tests
were performed. Optimized pharmacological treatment
was kept constant during the study.

Study population

Patients aged 418 years with New York Heart
Association (NYHA) class II–III CHF, with left ven-
tricular ejection fraction (LVEF)540% (echocardiog-
raphy) under stable clinical conditions, with no
cardiovascular interventions in the past 3 months and
who were stable on pharmacological treatment in the
past 4 weeks were enrolled. Sinus rhythm presence was
required and checked by 24 h Holter electrocardiogram
monitoring. The patients had to be able to perform
breathing exercises following instructions received
during a previously completed supervised training ses-
sion. Patients who had undergone heart transplantation,
patients who were within 3 months since the end of
traditional cardiac rehabilitation, and those with serious
chronic obstructive pulmonary disease (forced expiratory
volume in 1 second550%), ventricular arrhythmias or
conduction abnormalities (ventricular tachycardia, ven-
tricular fibrillation, atrioventricular block grade II and
III) were excluded.

Blood pressure measurement

BP measurements were performed with a validated
oscillometric device (OMRON M6 (OMRON
Corporation, Kyoto, Japan)) at the brachial artery,
while the patient was sitting, at room temperature, at a
fixed time of day (between 08.00 and 11.00 h), having
refrained from eating and smoking for at least 30 min,
and after 10 min of rest. The measurements were
performed twice with an interval of at least 5 min and
mean values were calculated.

To diagnose OH, subjects were studied in the morning,
in the supine position, in a quiet and dimly lit room after
an overnight fast. Non-invasive BP measurements were
taken with an arm cuff (OMRON M6) after 10 min rest in
the supine position. OH was defined as a decrease of
�20 mmHg in SBP or �10 mmHg in diastolic blood
pressure (DBP) within 3 min of standing [13].

Slow breathing training (RESPeRATE device)

The system includes a belt-type respiration sensor
connected to a computerized box that generates musical
patterns through earphones. The device guides the user
to slow their breathing, with the expiration phase being

longer than the inspiration phase. After a ‘‘recognition’’
phase, during which the device learns the user’s natural
breathing patterns, it starts guiding the user to breathe
more slowly in the following way: (i) the sensor monitors
continuously breathing movements; (ii) the computer-
ized box detects the breathing patterns and average
inhale/exhale duration over the last four respiratory
cycles; (iii) it synthesizes musical patterns with ‘‘inspir-
ation’’ and ‘‘expiration’’ guiding tones with related but
different durations (longer in expiration); and Enally (iv)
the user voluntarily and effortlessly synchronizes inhal-
ing and exhaling movements with the guiding tones. As a
result, breathing frequency is reduced from the initial
spontaneous rate (usually 14–18 breaths/min) to a rate of
6–8 breaths/min, with prolonged exhalation [19].

Echocardiography

The same experienced operator, blinded to patients’
allocation, performed the echocardiographic examin-
ations of all patients (General Electric VIVID7 (GE
Healthcare, Little Chalfont, United Kingdom), probe
2.5 MHz). The measurements, i.e. M-mode, 2D and
Doppler method, were performed according to the
standards required by the American Society of
Echocardiography [20]. LVEF was measured with
Simpson’s technique based on the average from at least
three registered cycle heart beats.

Minnesota Living with Heart Failure
Questionnaire

Patients completed the Polish version of the 21-item
MLHF questionnaire to assess disease-specific QoL. The
questionnaire asks about how much the heart condition
has affected the patient’s life during the past month.
Each item is rated on a Likert scale between 0 (no
impairment) and 5 (very much impaired), resulting in a
total score between 0 and 105 for total QoL. The MLHF
also allows one to compute subscores for the physical
(eight items, range 0–40) and emotional (five items,
range 0–25) aspects of QoL [21]. Lower MLHF scores
indicate better QoL.

Statistical analysis

All data were analyzed using the Statistica PL software
(v. 10.0; StatSoft). Categorical variables are reported as
percentages and continuous variables as means and
standard deviation (SD). The chi-squared test was
applied to all categorical variables. For continuous
variables, analysis of variance (ANOVA) was used. A
p value of less than 0.05 was considered to indicate
statistical significance.

BLOOD PRESSURE 3
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Results

Forty patients aged 23–88 years completed the study.
Clinical characteristics of the enrolled patients are shown
in Table I. Secondary forms of cardiomyopathy were the
most prevalent causes of CHF: 25 patients (62.5%) had
ischemic cardiomyopathy, two patients had a diagnosis
of CHF as a result of myocarditis, in one patient heart
failure had developed as a result of systemic disease
(sarcoidosis) and 12 patients had primary dilated
cardiomyopathy of unknown etiology. There were no
significant differences in the studied parameters between
the groups at baseline (Table I).

Before enrollment all patients had to be under
constant pharmacotherapy for at least 4 weeks, according
to the current European Society of Cardiology (ESC)
guidelines [2], consisting of beta-blockers and angioten-
sin-converting enzyme inhibitors (ACEIs) (in four
patients angiotensin receptor antagonists because of
intolerance to ACEIs) at the maximum tolerated dose.
The majority of patients used diuretics. In addition, all
patients with LVEF below 35% received a mineralocor-
ticoid receptor antagonist; one patient received ivabra-
dine in accordance with the recommendations of the
ESC. Three patients in the study required intensification
of diuretic treatment owing to heart failure exacerbation
(worsening of peripheral edema): two during the control
period (groups I and II) and one during SBT.

There was a significant reduction in SBP and DBP
between baseline and the final evaluation in group I. In
group II the same trend was present, although it did not
reach statistical significance (Table II). The prevalence of
OH was low (10% at baseline, 12.5% at 12 weeks and
10% at final evaluation) and did not change between the
phases of the study (Table III). The average changes in
SBP/DBP after changing position were also not signifi-
cant (Table IV).

A decrease in MLHF questionnaire score was observed
in group I during SBT. In group II a similar decrease was
present only after completion of the study. There were
no differences between the groups in the MLHF score at
any time during the study (Figure 2).

Discussion

A few previous reports have suggested that SBT may be a
useful adjunct to standard treatment in patients with
CHF. The acute effects of slow breathing in heart failure
patients were assessed by Bernardi et al., who reported
an improvement in blood oxygenation and exercise
performance without significant changes in BP after 4
min of breathing at a rate of 6 breaths/min. In a small
subgroup of participants who underwent 1 month of
SBT, long-term benefits in terms of blood oxygenation
and in objective and subjective indices of exercise

Table I. Baseline characteristics of the study groups.

Group I Group II All p
Parameter (n¼ 20) (n¼ 20) (n¼ 40)

Age (years) 65.5 ± 11.6 61.2 ± 15.0 63.3 ± 13.4 0.57
Male gender (%) 15 (75) 17 (85) 32 (80) 0.46
NYHA class II/III (n) 18/2 19/1 37/3 0.50
Ejection fraction (%) 31.7 ± 6.7 29.9 ± 6.9 30.8 ± 6.7 0.41
SBP sitting (mmHg) 141.6 ± 14.5 135.9 ± 18.2 138.7 ± 16.5 0.42
DBP sitting (mmHg) 84.4 ± 11.6 81.9 ± 11.6 83.1 ± 11.5 0.53
SBP supine (mmHg) 122.0 ± 15.7 128.4 ± 19.5 125.4 ± 17.9 0.27
DBP supine (mmHg) 70.8 ± 9.5 74.5 ± 11.0 72.8 ± 10.3 0.56
SBP standing (mmHg) 119.2 ± 19.1 126.1 ± 16.0 122.8 ± 17.6 0.23
DBP standing (mmHg) 73.3 ± 11.1 77.3 ± 14.2 75.4 ± 12.8 0.34
Minnesota Quality of Life (points) 49.7 ± 10.0 48.7 ± 14.2 49.2 ± 12.2 0.79
Ischemic heart disease (%) 15 (75) 10 (50) 25 (62.5) 0.07
Hypertension (%) 12 (60) 11 (55) 23 (57.5) 1.0
Stroke (%) 2 (10) 2 (10) 4 (10) 0.50
Diabetes (%) 5 (25) 8 (40) 13 (32.5) 0.48

Data are shown as mean ± SD or n (%).
NYHA, New York Heart Association; SBP, systolic blood pressure; DBP, diastolic blood pressure.

Table II. Changes in sitting blood pressure values (mmHg) among different study phases.

Group Baseline SBP/DBP At 12 weeks SBP/DBP Final evaluation SBP/DBP p baseline–12 weeks p 12 weeks–final p baseline–final

I (n¼ 20) 147.2/87.3 134.7/80.5 132/77.7 0.06/0.17 0.85/0.73 0.02/0.04
II (n¼ 20) 140.2/84.3 138.0/84.2 134.3/81.4 0.79/0.99 0.91/0.70 0.53/0.69
p I vs II 0.32/0.53 0.65/0.48 0.29/0.24

SBP, systolic blood pressure; DBP, diastolic blood pressure.
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performance were confirmed. Changes in BP after the
SBT period were not reported in this study [10]. The
information on the beneficial effects of SBT was further
extended by a study by Parati et al. on 24 patients with
CHF who underwent SBT using the same device as in the
present report. These effects included reductions in
NYHA class and pulmonary artery pressure, and
improvement in ejection fraction, ventilatory variables
and QoL [9].

The data on the effects of slow breathing and SBT on
BP in patients with CHF are limited and inconsistent.
During a slow breathing session, BP was unchanged in
the study by Bernardi et al. [10]. Another paper from this
group reported, however, a significant decrease in BP
during a 4 min slow breathing session in CHF patients
(but not in healthy controls) [22]. This discrepancy may
be explained by impaired responses of the arterial
baroreflex and chemoreflex occurring during slow
breathing in CHF and in hypoxic patients [22,23].
Further insight into the possible mechanisms comes
from a study by Bilo et al., performed in healthy
volunteers exposed to high altitude (a condition in
many regards similar to heart failure with hypoxemia).
In this setting, a 15 min session of slow breathing induced
a decrease in BP level, possibly due to the deactivation of
peripheral chemoreceptors by increased blood oxygen-
ation and consequent reduction of sympathetic drive [24].

In our study we found no changes in BP level after a
period of SBT. This result is in line with the randomized
trial by Ekman et al., in which 30 CHF patients
underwent a 4 week period of SBT with the
RESPeRATE device, while 35 CHF patients listened to
music from a compact disc player (control group) [25].
In the study by Parati et al., only a non-significant
reduction in BP was observed, mainly in patients with
high baseline values [9].

To our knowledge, this is the first study to assess the
effects of SBT on dynamic regulation of BP during
orthostatic challenge and its impact in terms of OH
prevalence in patients with CHF. A beneficial effect of
slow breathing on orthostatic tolerance was demon-
strated in a randomized crossover study on healthy
volunteers. The authors postulated that this improve-
ment is mediated by the generation of negative
intrathoracic pressure during slow and deep breathing,
increasing right venous return and in turn LV stroke
volume, with resulting beneficial effects on the cardio-
vascular and autonomic systems [26]. Another suggested
mechanism of the positive influence of slow breathing on
OH is the possibility that the generation of greater
negative pressure in the thorax accelerates blood flow
through capillary beds owing to a vacuum effect and to
maximization of the pressure gradient.

Orthostatic intolerance is an important issue in CHF.
In a meta-analysis by Ricci et al., compared with the
absence of OH, the occurrence of OH was associated
with a significantly increased risk of heart failure
(relative risk 2.25, 95% confidence interval 1.52–3.33)
[27]. An impairment in autonomic regulation is frequent
in this population [28] and may be further exacerbated
by the use of some of the medications commonly
prescribed in CHF, such as diuretics or vasodilators [29].
In this context, our study did not reveal any negative
influence of SBT in terms of orthostatic tolerance,
indicating that this technique represents an additional,
potentially valuable therapeutic approach devoid of
negative effects on OH in CHF patients. In fact, one
could hypothesize that many CHF patients for whom
OH is an issue may benefit from SBT, should it be able to
reduce the need for the use of diuretics or vasodilators to
control symptoms. This possibility was beyond the scope
of the present study but it appears to be of clinical
interest and should be explored in future research.

Finally, we observed an improvement in the QoL
during the course of the study, between baseline and
final assessment, in line with that reported by Parati et al.
[9]. However, the pattern of MLHF changes in the two
groups (improvement was observed in both the SBT and
usual care phases) suggests that it was not specifically
due to SBT, but rather that direct contact of patients with
the staff involved in the trial, performing check-ups,

Table IV. Changes in blood pressure in the two study groups and in the different study phases after
standing up.

Group Baseline SBP/DBP At 12 weeks SBP/DBP Final evaluation SBP/DBP p

I –2.6 ± 14.1/+2.4 ± 8.7 +0.3 ± 10.5/–1.3 ± 8.5 –0.4 ± 14.6/+4.3 ± 7.9 0.69/0.09
II –2.3 ± 12.2/+2.8 ± 10.1 +0.3 ± 10.5/+0.7 ± 9.3 –4.35 ± 14.6/+2.5 ± 9.5 0.70/0.97

SBP, systolic blood pressure; DBP, diastolic blood pressure.

Table III. Prevalence of orthostatic hypotension by group and
study phase.

Group (n¼ 20) Baseline At 12 weeks Final evaluation

I (SBT/usual care) 2 (10) 2 (10) 1 (5)
II (usual care/SBT) 2 (10) 3 (15) 3 (15)
p 0.52 0.66 0.32

Data are shown as n (%).
SBT, slow breathing training.
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increasing medical surveillance and showing interest in
their problems, was probably the main cause of
improved QoL. This emphasizes the need for appropriate
control in studies on non-pharmacological interventions,
where the effects of a close follow-up may be as
important as those of the intervention itself, in particular
when ‘‘soft’’ endpoints (such as QoL) are considered.
However, it should be underlined that Ekman et al., in
their well-controlled study on CHF patients, found that a
positive effect of SBT on the QoL and severity of CHF
symptoms was restricted to responding patients, i.e.
those in whom SBT induced lasting changes in the
breathing pattern [25]. In addition, owing to the
crossover design of our study, we cannot completely
exclude a carryover effect to explain the difference in
QoL score between baseline and the end of the study.

Our study has several strengths, including having a
sample size moderately larger than that of most previous
studies [9,25], having a controlled design and using a
device specifically designed for SBT (and approved by
the US Food and Drug Administration for BP lowering),
following a standardized exercise protocol. This device
implements a series of features which make the exercise
easier for the patient, including individualized acoustic
guidance of breathing frequency, resulting in its gradual
reduction, and visual feedback on the exercise perform-
ance. This is important as self-maintenance of a
constantly low number of breaths by the patient is a
difficult task and a rigid breathing pace could have
negative effects on exercise performance.

There are also some limitations of our study which
should be acknowledged. First, the BP measurement was

performed using the traditional, non-continuous
method. We therefore cannot completely exclude pos-
sible BP reductions between the scheduled measure-
ments. Secondly, the number of subjects with OH was
low and therefore the study may not be sufficiently
powered to detect a small increase in OH prevalence.
Nonetheless, the fact that the absolute values of ortho-
static BP changes were virtually unchanged after SBT
makes this possibility unlikely. Thirdly, for practical
reasons we implemented a crossover rather than a
parallel group design. Thus, we cannot exclude some
carryover effect, as exemplified by the changes observed
in the QoL. Finally, we cannot exclude the possible
influence of coexisting morbidities (e.g. diabetes, hyper-
tension) or that of concomitant drug therapy on OH,
although drug treatment was kept stable during the
study.

Conclusions

Our data indicate that SBT does not increase the
prevalence of OH, thereby supporting it as a feasible
and safe method which may be used in CHF patients.
Moreover, our data do not seem to support a significant
impact on QoL by this intervention; however, given the
cross-sectional design of our study, this finding needs to
be confirmed by longitudinal trials with a controlled
parallel group design. Further data from controlled
studies are still necessary to confirm the clinical benefits
of SBT in CHF patients, before it may be proposed as a
novel and useful component of cardiorespiratory
rehabilitation programs in CHF.

Figure 2. Results of the Minnesota Living with Heart Failure (MLHF) questionnaire according to group and study phase. NS, not
significant.
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