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Abstract

Introduction: Increased blood pressure (BP) is among the top modifiable causes of cardiovascular disease risk. Non-
pharmacological interventions in the prevention and management of elevated BP and hypertension have increased in
popularity in recent years. Deep breathing techniques (DBT) are mindfulness stress reduction strategies that target the
autonomous nervous system, increase vagal tone, and reduce BP levels. Inconsistent evidence exists in the efficacy of DB
techniques in BP control. This review of the literature aims to assess the overall BP lowering efficacy of DBT in hypertension,
compare the efficacy of device-guided versus non-device-quided DBT, and assess the safety and adherence rate of DBT,
through systematic search and review of randomized controlled trials.

Methods: We searched Randomized clinical trials (RCT) in PubMed and Cochrane databases. The search terms were
divided into three-term groups: a) hypertension, b) deep breathing techniques, and c) trials. Then, the list of articles was
divided into five groups, each with two to three reviewers, to verify every study met the inclusion and exclusion criteria by
reading the title and the abstract. Whenever necessary, we downloaded articles to verify adherence by reading the methods,
results, and discussions. Studies having two or more votes were selected. Next, all selected articles were downloaded and
read to analyze findings and effect sizes and to confirm a correct methodology and statistical analysis.

Results: We selected 4 of 119 articles. There is a conflict in the literature; one study affirms no overall difference between
DBT and control, two studies affirm that there are statistically significant differences, and one study reports no difference
in office BP but statistical difference in “awake, at home” monitoring in the control group. Thus large-scale, high-quality
clinical trials are needed to critically assess the effectiveness of long-term DBT in the management of HTN.

Introduction risk of cardiovascular disease (CVD) (Al-Makki et,
2021; Whelton et al., 2018). CVD is the leading cause

Hypertension (HTN), defined as an increase in sys- of death and disability and is predicted to sustain

tolic blood pressure (SBP), diastolic blood pressure

(DBP), or both, has been associated with an increased
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this rank by 2040 (Al-Makki et al., 2021; Forouzanfar
et al., 2016; Foreman et al., 2018). In August 2021, the
World Health Organization estimated the prevalence
of HTN is 1.28 billion adults aged 30-79, with less
than a quarter having their BP under control (WHO,
2021). Elevated blood pressure, previously referred
to as pre-hypertension, is categorized as SBP 120-129
mm Hg and DBP < 80 mm Hg, while stage I hyper-
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tension corresponds to SBP 130-139 mm Hg or DBP
80-89 mm Hg (Whelton et al., 2018). Even these mild
to moderate elevations in BP significantly increase
the CVD risk burden (Huang et al., 2015).

Prevention and treatment of elevated BP and HTN
are heavily targeted to reduce their harmful health-
related consequences. Non-pharmacological strate-
gies alone are the mainstay for preventing HTN, but
they are also combined with pharmacological thera-
pies to treat all stages of the disease. Considering the
challenge of adherence to antihypertensive medica-
tion, non-pharmacologic strategies have been of in-
creasing interest among the medical and patient pop-
ulation (Mourya et al., 2009). Non-pharmacological
strategies include weight loss, increased physical ac-
tivity, implementation of heart-healthy diets, reduc-
tion of sodium consumption, incorporation of potas-
sium supplementation into the diet (unless medically
contraindicated), reduction of alcohol intake, and
management of stress (Whelton et al., 2018; Fu et al.,
2020).

The autonomic nervous system, specifically sym-
pathetic overactivity, encompasses a branch of hyper-
tension pathophysiology. Stress has been implicated
in sympathetic overstimulation by its role in decreas-
ing baroreflex sensitivity (Fu et al., 2020; Hamasaki,
2020; Valensi, 2021). Mindfulness meditation tech-
niques are highly available, cost-effective, and safe in-
terventions for stress reduction. Deep breathing (DB)
techniques are mindfulness activities where through
biofeedback, the respiratory rate lowers to 6-8 breaths
per minute by increasing the expiratory phase of
respiration. During inhalation, the vagal tone is de-
pressed, and there is overall sympathetic overactivity.
On the contrary, during exhalation, the vagal tone is
restored; thus, by prolonging the expiratory phase,
deep breathing techniques decrease sympathetic ner-
vous system overactivity (Valensi, 2021; Magnon et
al.,, 2021; Li et al., 2018). Additionally, several studies
have been reported where voluntary DB techniques
have aimed to treat CVD such as heart failure, hy-
pertension, and arrhythmias, with promising results
of better ejection fraction and significant heart rate
reduction (Wu et al 2020).

By counting breaths, DB techniques can be per-
formed with devices, mobile applications, or ana-
log guidance. The RESPeRATE device is an FDA-
approved medical device for the assistance of blood
pressure control in the United States ("How RES-
PeRATE Works," n.d.). Systematic literature research
reported that seven of thirteen studies assessed the ef-
ficacy of voluntary DB, while the rest assessed device-
guided DB, with three utilizing the RESPeRATE de-
vice. The studies evaluating device-guided DB re-
ported reductions of SBP and DBP of 6 to 8 mm Hg
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and 4 to 6 mm Hg, respectively, in both adults with
elevated blood pressure and hypertensive patients
who performed 15-30 minutes of the intervention
daily. Half of said studies assessed 24-hr ambulatory
BP and the rest assessed in-office average BP (Yau
& Loke, 2021). A randomized clinical trial reported
that lowering BP below 120 mmHg, compared to be-
low 140 mmHg, resulted in a 25% lower relative risk
of fatal and nonfatal cardiovascular events as well
as death from any cause (“A Randomized Trial of
Intensive versus Standard Blood-Pressure Control,”
2015). One study also exhibited a remarkable lower-
ing of SBP by 10.5 mm Hg and DBP by 7.5 mm Hg in
patients with coronary artery disease and hyperten-
sion (D’silva 2014). However, 24-hr ambulatory BP
measurements exhibited no significant variations in
DBP in hypertensive patients and no overall BP varia-
tion in prehypertensive participants among reported
studies. Cancer, pregnancy, stroke, chronic respira-
tory disease, and chronic renal failure population of
adults with prehypertension or hypertension were
population excluded in these studies (Yau & Loke,
2021).

Evidence regarding the efficacy of DBT is ambigu-
ous because of the gap in the literature that still exists.
Hereby in this review, we aim to assess the overall
BP-lowering efficacy of breathing techniques in HTN.
Secondary objectives include: (1) comparing the ef-
ficacy of de-vice-guided versus non-device-guided
DBT, and (2) assessing the safety and adherence rate
of DBT.

Materials and Methods
Search Strategy

Inclusion criteria were the following: (1) Participants
with elevated blood pressure (also considered
prehypertension, i.e., SBP 120-129 mm Hg and DBP
< 80 mm Hg) and stage I or stage II hypertension
(SBP 130-160 mm Hg or DBP > 80 mm Hg), (2) any
breathing techniques as intervention, (3) randomized
controlled trials (4) open access studies. To be ex-
cluded, the articles must have included a population
> 18 and < 65 years of age, measured outcomes
different than the mean reduction in systolic or
diastolic blood pressure, and included patients with
urgency and emergency hypertensive states.

Eligibility criteria

Inclusion criteria were the following: (1) Participants
with elevated blood pressure (also considered
prehypertension, i.e., SBP 120-129 mm Hg and DBP
< 80 mm Hg) and stage I or stage II hypertension
(SBP 130-160 mm Hg or DBP > 80 mm Hg), (2) any
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breathing techniques as intervention, (3) randomized
controlled trials (4) open access studies. To be ex-
cluded, the articles must have included a population
> 18 and < 65 years of age, measured outcomes
different than the mean reduction in systolic or
diastolic blood pressure, and included patients with
urgency and emergency hypertensive states.

Study selection process

The search question obtained the selected studies in
PubMed and Cochrane sites. Most of the terms were
filtered by title, abstract, and others by MESH. We
did exclude terms like “Yoga” and ‘Qigong’ exercise.
The retrieved 119 studies were divided into five
groups of two to three reviewers. They looked for
the eligible articles by reading the Title, Abstract,
Key Words, and, if necessary, the Methods section. If
there were disagreements in the groups composed
of two reviewers, another reviewer was consulted
to eliminate the tie. A total of four studies were
included. A flowchart of the literature search and
selection process is shown in Fig. 1.

Study selection process

The search question obtained the selected studies
in PubMed and Cochrane sites. Most of the terms
were filtered by title, abstract, and others by MESH.
We did exclude terms like “Yoga’ and ‘Qigong’ ex-
ercise. The retrieved 119 studies were divided into
five groups of two to three reviewers. They looked
for the eligible articles by reading the Title, Abstract,
Key Words, and, if necessary, the Methods section. If
there were disagreements in the groups composed
of two reviewers, another reviewer was consulted
to eliminate the tie. A total of four studies were
included. A flowchart of the literature search and
selection process is shown in Fig. 1.

Results

Data extraction

The included studies were reviewed by two authors
each, and pertinent information regarding references,
sample size, adherence, baseline characteristics,
primary and secondary outcomes, study groups,
comparisons, statistics used, effect or effect size, and
drop on BP were tabulated in Table 1.

Study Characteristics
A total of 205 patients were assessed within the

four articles included in this review. Three studies
included stage II hypertensive patients (SBP >140
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[ Identification of new studies via databases and registers ]
§ Databases:
5] PubMed: n = 112 — Records removed before screening:
£ Cochrane: n =10 Duplicate records n=5
5 Total: n = 122
S :
Records screened: Reports excluded
n=117
' not a DB treatment n = 33
o not a HTN patients n = 23
£ notan RCT n =15
S Records excluded: _,  could not find all text - not Open Access n = 15
2 n=113 present high stage of HTN n = 11
o
n not finalized n = 6
v could not find pre-HTN patients n = 5
only elders (>= 60 yo)n =3
Records assessed for not available BP n = 1
eligibility: n = 4 problems with eligibility criteria n = 1

Included in the review

Included

Device-guided: n = 2
Non-device-guided: n = 2

Figure 1: Flowchart of the literature search process.

mm Hg or DBP >90 mm Hg), and one included both
stage I (SBP 130-139 mm Hg or DBP 80-89 mm Hg)
and stage II hypertensive participants. Three studies
were conducted in Asia and one in America.

Types of deep breathing techniques

Different deep breathing techniques were used in
the four selected studies. A deep breathing device
(RESPeRATE) was used in one of the studies (De
Barros et al., 2017). Differently, one study used a
simple loaded breathing device, the Water Pressure
Threshold Bottle, developed in their laboratory
(Jones et al.,, 2010). Another trial used a third
technique consisting of listening to a music CD with
incorporated sound cues to guide the patients into a
regular breathing pattern with a breath rate of five
breaths per minute (Kow et al., 2018). One article
tested timed voluntary deep breathing through
alternate nostril breathing cycles (Mourya et al,,
2009).

Overall efficacy of deep breathing techniques

Out of the four studies, one found a significant
SBP and DBP reduction in both the control and
the intervention groups, with the control group
showing a slightly more significant decrease in BP
values. However, the absolute difference in SBP
and DBP reduction from baseline was insignificant
in both groups (Kow et al., 2018). Another study
reported no significant difference in either SBP or
DBP measured in the office setting associated with
DB techniques; nonetheless, the authors reported
a reduction in SBP and DBP in the awake period
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Study Study | Sample Patients’ Deep Control group | Intervention’s Method of BP Change in Change in Further
authors/ | design size diagnosis at breathi intervention length, measurement SBP in the DBP in the findings
Location baseline intervention frequency, and intervention intervention

(year) duration group group

Stage 1 Voluntary DB i (Pt P
3 . H Music listening Reduction in
essential listening to P Mean Mean
}(&glziieat el RCT 83 hypert(lension rlnusitl:a?cues ‘tglrlghatr;:i)n 15 min, daily, 8 ::\;es;ang(f)lzztBP reduction of reduction of m/r?:-l(’fir?‘tie
(2018)5’ (SBP of 140-159 | at a rate of 5 techniqu% weeks e uromants | 83mmHg, | 5.6 mmHg, ERILL
mmHg and DBP | breaths per e p<0.05 p<0.05 roup. p<0.05
of 90-99 mmHg) | minute P group, p<0.
SBP and BPD
reduction in
Mean 24-hr BP awake 24-hr
by ambulatory . . ABPM time in
No change in | No change in
de Barmos S blood Pressure | RESPERATE | Listening to OfficeBP | office SBP | office DBP gﬁr"("s'g{f“p
etal / Brazii RCT 32 (ABPM) agbove device-guided | serene music 10-15 min, measurements | before and before and 131}'+ 10 mm
(201'7) the normal range DB at <10 with an MP3 daily, 8 weeks AND 24-hr after after Ha. DBP 9249
(SBP 2130 9 breaths/min player ABPM intervention in | intervention in m?ﬁ Hg vs SBP
mmHg and/or either group either group 128 +10 mm
DBP 2 80mmHg) Hg, DBP
88+8mm Hg,
p<0.05)
In fast
breathing
Fast-breathing group,
q a group: e P B F reductions in
Mourya, M. Patlents with Altemate breathing Reduction in Reduction in SBP from 147
etal./ India essential HTN | nostril slow- | o oy 'and 15 min, daily OfficeBp | SBPfrom 146 | DBRfrom 92 | )y, 44
y RCT 60 (SBP 140-159 breathing ’ ’ mm Hg to 135 | mm Hg to 85
(2009) mmHg and DBP | cycles (5-6 deeply (1 sec 12 weeks measurements | Hg mm Hg, mm Hg,
Y . each phase) ? > p<0.05, and in
90-99 mmHg) breaths/min) Control group: p<0.05 p<0.05 DBP from 91
no intervention mm Hg to 90
mm Hg,
p<0.05
Jones, C. U Es::rr;gilsion ggwEg.B?Ulded Q\vlii;ag:“;f;t 'r\gzirc]tion of xzzgion of xzzgﬁcn of
etal./ RCT s | stagesiandii | SMer | Reguiar daily 30mintwicea | home BP & | SBPOf135 | DBPof7.0 i‘f’n?f;:f
Thailand (SBP140-179 breathin activities f’&eek;” AND average of | MMHg mmHg DEP gf 3.6
(2010) mmHg, DBP 90— ot g| J 2 bt QBP (unloaded (unloaded e feaded
109 mmHg) against a loa laboratory DB), p<0.05 DB), p<0.05 mmHg (loade
of 20 cmH20 measurements ’ ’ DB), p<0.05

Table 1: Studies included for this review of the literature regarding deep breathing techniques and their effect on blood pressure.

by ambulatory blood pressure monitoring only in
the control group (SBP 131 + 10, DBP 92 + 9 vs.
SBP 128 + 10, DBP 88 + 8mm Hg, p < 0.05) (de
Barros et al.,, 2017). One study that assessed DB
guided by a self-made device reported a significant
decrease in SBP and DBP with both loaded (against
20 cmH20) and unloaded breathing (regular DB),
with more significant reductions observed in the
loaded breathing group (mean reduction of SBP
of 13.5 mm Hg and DBP of 7.0 mm Hg) (Jones
et al., 2010). Another trial reported a statistically
significant decrease in both a group performing
slow-breathing exercises and fast-breathing exercises,
with the former showing more significant reductions
(SBP 146 mm Hg to 135 mm Hg; DBP 92 mm Hg to
85 mm Hg) (Mourya et al., 2009).

Efficacy of device-guided deep breathing versus
non-device-guided deep breathing

Two of the four studies included in this review of the
literature utilized a breathing device to assist the DB
technique intervention (Jones et al., 2010; de Barros et
al., 2017). One of them used the RESPeRATE device
and found no statistically significant difference in
office BP with the device use but a statistically signif-
icant reduction in SBP and DBP in awake at-home BP

Principles and Practice of Clinical Research (2023) 9; 1

measurement in the control group (listening to serene
music with no breathing technique performance) (de
Barros et al. 2017). One of the studies utilized a self-
made breathing device developed at their laboratory
and reported a reduction in home and laboratory
SBP and DBP associated with the device’s use (SBP,
-9.3 mm Hg and -13.5 mm Hg, respectively; DBP, -5.9
mm Hg, and -7.0 mm Hg, respectively) (Jones et al.,
2010).

Two studies assessed the efficacy of voluntary deep
breathing. One of them instructed patients to follow
music cues within a CD to reach a regular respiratory
rate of five breaths per minute compared with music
listening and no deep breathing technique and found
a statistically significant reduction in both the inter-
vention and control groups regarding SBP (mean
systolic BP reduction, 8.3 mm Hg and 10.5 mm Hg,
respectively) and DBP (mean diastolic BP reduction,
5.6 mm Hg and 5.2 mm Hg, respectively) (Kow et
al.,, 2018). The other one trained the participants
to perform alternate nostril breathing cycles and
reported a statistically significant reduction in both
SBP and DBP (Mourya et al., 2009).

Adherence and safety

The device-guided breathing techniques appear to be
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safe. Three out of the four trials did not report the
assessment of safety in their manuscripts (Mourya
et al., 2009; Jones et al., 2010; de Barros et al., 2017).
In one study, that tested the voluntary DB technique
guided by music, two patients in the intervention
group (5.1%) reported dizziness; in the control group,
one (2.3%) complained of “numbness in the head”
and one (2.3%) of irritability and palpitations (Kow
et al., 2018).

The adherence to the device-guided DB technique
was good. One trial reported a 95% adherence rate
regarding the sessions in the control group and 93%
in the device-guided DB group, according to patients’
diaries (de Barros et al., 2017). On the other hand,
two papers mentioned planned patients” adherence
monitoring to the breathing protocol but did not
report them (Mourya et al., 2009; Kow et al., 2018).
Another one reports an approximate 95% adherence
among all the patients who completed the study,
with no specification among study groups (Jones et
al., 2010).

Discussion

This manuscript summarizes the open-access evi-
dence available on the efficacy of DBT for BP control.
A key finding details three main deep breathing tech-
niques assessed to improve BP. Similar to evidence in
the literature, this review showed that deep breathing
at respiratory rates < 10 breaths/min has decreased
both SBP and DBP, irrespective of the guidance mech-
anism (Yau et al., 2021). However, these techniques
have also failed to significantly affect BP lowering
(de Barros et al., 2017). Another aspect highlighted
here is the improvement in assessing and reporting
adverse events and adherence rates in this field of in-
vestigation. Finally, all the trials included lasted less
than 12 weeks; long-term assessment of the efficacy
of these interventions needs to be improved.

Our review of the literature encompasses several
limitations. Although PubMed is among the top
research databases for medicine and healthcare mat-
ters, and Cochrane was also searched, other critical
databases were not included in the systematic lit-
erature search. Moreover, only studies written in
English and published in open-access journals were
included, potentially affecting the authors’ reach to
the literature and introducing bias. Due to the re-
duced number of patients included and the need for
more multicenter or other country studies, the results
of this review lack generalizability. Specifically, the
safety assessment of DB techniques was limited by
the lack of information in 75% of the scientific papers
included in this manuscript. Similarly, the inclusion
of only four articles restricted conducting a robust
comparison of the efficacy of non-device-guided and
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device-guided DB techniques.

Conclusions

Both device-guided and voluntary (non-device-
guided) breathing techniques seem beneficial in low-
ering blood pressure in elevated blood pressure and
stage I and II hypertension; however, 4 trials are
insufficient for external validity. Therefore, future
large-scale clinical trials assessing the long-term ef-
fectiveness of these interventions in the stated popu-
lations, especially elevated blood pressure and stage
I hypertension, are recommended.
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