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Abstract

Background The established therapy of asthma might be supported by additional non-pharmaceutical measures,
such as the Buteyko breathing technique (BBT); however, the available data are mixed. To clarify the effects of BBT
in patients with asthma, we investigated whether it led to clinical improvements with correlation to functional
parameters.

Methods Using a randomized, controlled design, we studied two groups (n=30 each) of patients with asthma

under either BBT or usual therapy (UT) w/o BBT over a period of 3 months. The primary outcome comprised the vol-
untary control pause (CP) after 3 months, secondary outcomes an additional breathhold parameter, forced expiratory
volume in 1 s (FEV,), capnovolumetry, exhaled nitric oxide (FeNO), Asthma Control Questionnaire (ACQ) and Nijmegen
Questionnaire (NQ), and the use of medication (3,-agonists; inhaled corticosteroids, ICS).

Results CP showed significant time-by-group interaction [F(1,58.09) =28.70, p < 0.001] as well as main effects

for study group [F(1,58.27)=5.91, p=0.018] and time [F(1,58.36)=17.67, p < 0.001]. ACQ and NQ scores were sig-
nificantly (p <0.05 each) improved with BBT. This was associated with reductions in the use of 3,-agonists and ICS

(p <0.05 each) by about 20% each. None of these effects occurred in the UT group. While FEV, and the slopes

of the capnovolumetric expiratory phases 2 and 3 did not significantly change, the capnovolumetric threshold vol-
ume at tidal breathing increased (p < 0.05) with BBT by about 10 mL or 10%, compared to baseline, suggesting a larger
volume of the central airways. No significant changes were seen for FeNO.

Conclusions BBT was clinically effective, as indicated by the fact that the improvement in symptom scores

and the small increase in bronchial volume occurred despite the significant reduction of respiratory pharmacother-
apy. As the self-controlled Buteyko breathing therapy was well-accepted by the participants, it could be considered
as supporting tool in asthma therapy being worth of wider attention in clinical practice.

Trial registration Retrospectively registered on 10 March 2017 at ClinicalTrials.gov (NCT03098849).
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Background

Despite the widespread prevalence of asthma, which
entails intensive efforts to improve its treatment, many
patients experience poor control of their health condi-
tion [1, 2]. Pharmacotherapy, the treatment of choice,
can be expensive, and side effects, especially of long-
term corticosteroid use, are well-known [3-5]. Thus, it
is a reasonable strategy to achieve best asthma control
with the lowest possible medication use. This motivates
the inclusion of non-pharmacological measures such as
asthma education, rehabilitation and breathing training
into the portfolio of treatment options. Self-manage-
ment procedures, for example, comprise yoga and Tai
Chi, as well as the Buteyko breathing technique (BBT)
that has been reported to improve quality of life [6—8]
and lung function [9-13], and to reduce asthma symp-
toms [7-9, 11, 12, 14, 15] and medication use [6, 7, 14,
16-19] in children and adult patients with asthma.

Buteyko hypothesized that people may be affected by
the consequences of hidden chronic hyperventilation
due to dysfunctional breathing, such as mouth breath-
ing and predominant thoracic breathing. This would
lead to depletion of carbon dioxide (CO,) and result
in metabolic imbalance potentially aggravating dis-
orders, such as asthma. The extent of hypocapnia can
be estimated via a voluntary control pause (CP), i.e.,
the time in seconds during which a person can hold
the breath with relative ease after normal expiration.
Buteyko assumed that CP duration correlates with the
level of alveolar and arterial carbon dioxide (PaCO,).
Lung-healthy individuals with a relatively high value of
PaCO, would be capable of a longer CP compared to
individuals with lower PaCO, as sign of hidden chronic
hyperventilation and asthma. However, research in this
area is sparse and has yielded heterogeneous results
[20, 21], and additional data elucidating both clinical
and mechanistic aspects in parallel might be useful.

To address this question, we investigated whether
the introduction of BBT in patients with asthma led to
clinical improvements in symptoms and medication use
that correlate with airway function. BBT was practiced
at home by the patients without continuous supervi-
sion to mimic its potential practical use. Due to this,
we determined adherence, i.e., whether BBT had actu-
ally been performed, via the assessment of breathhold
times at the study visits. A randomized control group
design with follow-up was chosen as the most power-
ful and adequate approach for achieving these goals.
In addition, healthy control subjects were included to
obtain a reference for the BBT parameters assessed.
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Methods

Study design

We conducted a randomized controlled trial in a paral-
lel-group design with a 1:1 allocation ratio. Participants
in the Buteyko Group (BG) underwent Buteyko train-
ing as described below in addition to usual treatment,
whereas the participants in the other group stayed with
their usual treatment alone (UT). Data were collected at
the Filderklinik (Filderstadt, Germany) and the ARCIM
(Academic Research in Complementary and Integra-
tive Medicine) Institute from January to May 2017.

Study population

Participants were recruited through local advertise-
ments, leaflets displayed in medical practices, and
referrals from physicians. The criteria for inclusion
were written informed consent; age 18 years or older;
controlled, partly controlled, or uncontrolled asthma
(according to NVL Asthma (German national asthma
care guideline) [22, 23]); pharmacotherapy of treatment
step 1 or higher [22, 23]; attending physician informed;
fluency in the German language. Exclusion criteria
were participation in another study; history of myocar-
dial infarction, chronic ischemic heart disease, onco-
logical disease, manifest mental illness. For the healthy
control group (HC), acute or chronic respiratory dis-
ease was an additional exclusion criterion.

Intervention

Usual treatment (UT)

Participants in this group maintained routine care,
mainly consisting of standard asthma medication pre-
scribed by the attending physicians.

Buteyko group (BG)

In addition to usual care as described above, these
participants attended BBT training, which comprised
an intensive group course on site, a booster session
1 week later, and a 3-month practice period at home.
The course was given by two certified Buteyko train-
ers on 5 consecutive days. Each session lasted 90 min
and consisted of theoretical information about normal
vs. abnormal, dysfunctional breathing, e.g., breathing
pattern disorders and especially hyperventilation, as
well as practical training. The exercises were described
in detail in a training plan given to each participant
at the first session. Most of the exercises were per-
formed in a sitting position. The participants learned
to become aware of their own breathing pattern. CP
was performed at the beginning and end of each exer-
cise session and between some of the exercises. The
BBT exercises comprised deliberate hypoventilation
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(exercises of reduced breathing) and breath-holding
maneuvers (extended and maximum pauses) to regain
breath control and retain CO,. To demonstrate that
low-volume nasal breathing is also possible during
physical activity, reduced breathing was also performed
while walking vigorously on the spot.

In the booster session 1 week later, the trainers
observed all participants during the CP and the exercises
and made corrections if necessary. The participants could
report about first experiences and ask questions. For the
3-month home practice, the participants were asked to
practice twice per day for 20 min and to keep records of
their daily adherence to the training as well as the dura-
tion (in seconds) achieved for the CP and the maximum
pause (MP).

Outcomes

Data for all outcome measures were collected by four
study staff members at the examinations prior to the start
of the intervention (baseline, BL) and at the 3-month
follow-up (3-Mo FUP). For reasons of feasibility, meas-
urements in both groups (BG and UT) and at both time-
points were taken at different times of day. Participants
of the HC group were assessed only once, following the
same protocol as in the patients with asthma.

Primary outcome measure

Change in CP at 3-Mo FUP. To assess CP, participants
were instructed to breathe normally through the nose
and, after a normal, gentle exhalation, to hold the nose
closed with the thumb and forefinger and to keep the
mouth closed and hold their breath until they felt air
hunger. The breathing pause should only be extended
long enough to allow normal nasal breathing immedi-
ately afterwards. Thereby, the length of the CP (in sec-
onds) was recorded [20].

Secondary outcome measures

These comprised respiratory physiology measures,
responses to questionnaires, and data on the use of
asthma medication. We recorded the Buteyko maxi-
mum pause (MP), an extended breathhold performed
for as long as possible until the person feels moderate
discomfort [24]. Forced expiratory volume in 1 s (FEV,)
was determined by spirometry in accordance with rec-
ommendations [25]. Capnovolumetry was performed to
obtain the slopes of expiratory phases 2 (s2) and 3 (s3),
their ratio s3/s2, and the threshold deadspace (VDy,,.)
[26, 27]. Spirometry and capnovolumetry were per-
formed with the device SpiroScout® (LF8 software,
Ganshorn Medizin Electronic GmbH, Niederlauer,
Germany). We used the area hyperbolic sine (areasi-
nus hyperbolicus, asinh) as variance stabilizing and

Page 3 of 12

normalizing transformation in the statistical analysis of
s2, 83 and s3/s2 to account for very low and zero values
[28, 29]. The fractional concentration of exhaled nitric
oxide was determined with the NIOX Vero device (NIOX
VERO®, Circassia AG, Bad Homburg, Germany). Asthma
symptoms and signs of hyperventilation were assessed
by two validated questionnaires: the Asthma Control
Questionnaire (ACQ) [30] and the Nijmegen Question-
naire (NQ) [31, 32]. The daily use of asthma medication
was recorded by the patients. To achieve comparability,
beta-2 agonist and ICS usages were converted to equiva-
lent doses of salbutamol [6] and beclomethasone dipropi-
onate (BDP) [2], respectively.

Sample size

According to an a-priori power analysis based on a
repeated measures ANOVA design with a power of
S=0.80 and a significance level of a=0.05, 50 partici-
pants were needed for an effect size of d=0.20. Allowing
for a dropout rate of 20%, we enrolled 60 patients with
asthma and an additional 30 healthy controls.

Randomization and blinding

Patients with asthma were randomized to either the
Buteyko Group (BG) or to usual treatment alone (UT).
After assigning all subjects to blocks with stratification
by age (number of strata=3) and degree of asthma con-
trol (number of strata = 3), the subjects within each block
were randomly assigned to the group conditions (BG or
UT). To achieve equal group sizes, two opaque envelopes
were prepared per block, which contained the group
allocation (BG or UT). After both had been drawn, new
envelopes were offered in pairs. Envelopes were offered
by a research assistant not involved in the study. No fur-
ther blinding was performed. To obtain values for com-
parison and reference, we additionally recruited age- and
sex-matched healthy control individuals (HC) who were
invited to a one-time measurement appointment.

Statistical analysis
Data analysis was performed in R (version 4.2.3) [33] run-
ning in RStudio (version 2023.03.0) [34]. Missing values
were treated with single imputation based on predictive
mean matching (R package: mice [35]), since the propor-
tion of missing values was small (respiration data: ~2%,
questionnaire data: ~4%, medication data: =2%). We
generated 40 imputed data sets and averaged them to get
single imputation values. The significance level was set at
a=0.05 (two-tailed).

The baseline characteristics were presented as mean
values and standard deviation (SD) for numerical varia-
bles along with 95% confidence intervals (95% CI) for the
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differences between groups. Categorical variables were
expressed as absolute and relative frequency.

The primary outcome measure (change in CP at 3-Mo
FUP) was analyzed via a linear mixed-effects model (R
package: Ime4 [36]), with subjects as a random effect
and study group (BG, UT), time (BL, 3-Mo FUP) and
an interaction term between study group and time as
fixed effects, together with FEV, as covariate. Post-hoc
comparisons were performed with the R package ImerT-
est [37]. Holm correction was used to adjust for multi-
ple testing within these analyses, and adjusted Cohen’s d
effect sizes (d) were calculated (R package effsize [38]).

Secondary outcome measures not derived from the pri-
mary analysis are reported descriptively. Mean between-
group differences, adjusted mean differences (to account
for potential BL differences) and within-group differ-
ences as well as 95% confidence intervals and Cohen’s d
effect sizes (d) were assessed for all outcome measures.
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All analyses referred to intention-to-treat. If appropriate,
data were checked to assess whether they conformed to
a normal distribution. Model assumptions were checked
by residual analyses.

Results

Study population

Initially, 292 outpatients were contacted as potential
participants, of whom 60 were enrolled in the study.
232 were excluded, because they did not respond after
initial contact (n=286), did not meet the inclusion crite-
ria (n=44), declined to participate (n=29), or for other
reasons, mainly of a time or organizational nature, e.g.,
scheduling problems in attending the on-site Buteyko
training course or excessive travel distances (n=73). The
60 participants were randomly assigned to BG (n=30)
or UT (n=30). Two of the UT participants were lost to
follow-up and dropped out of the study (one for lack of

[ Enrollment ]

Assessed for eligibility (n = 292)

Excluded (n = 232)

+ No reply after initial contact (n = 86)
+ Not meeting inclusion criteria (n = 44)
+ Declined to participate (n = 29)

+ Other reasons (n =73)

A 4

Randomized (n = 60)

!

Fig. 1 CONSORT flow diagram of the study

¥ [ Allocation ]
Buteyko Group Usual Treatment

Allocated to intervention (n = 30) Allocated to intervention (n = 30)

+ Received allocated intervention (n = 30) + Received allocated intervention (n = 30)

+ Did not receive allocated intervention (n = 0) «+ Did not receive allocated intervention (n = 0)
v [ Follow-Up ] v

Lost to follow-up (n = 0) Lost to follow-up (declined to participate, n = 2)
v [ Analysis ] Y

Analyzed (n = 30) Analyzed (n = 30)

+ Excluded from analysis (n = 0) + Excluded from analysis (n = 0)
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time; one developed sinusitis and otitis media, was hospi-
talized and declined further participation) (Fig. 1).

All 60 randomized patients with asthma and all 30 HC
subjects were included in the statistical analysis. 64.4%
of participants were female; the mean age was 56.5 years
(SD=13.1, Min=18, Max=280), and the average BMI
was 25.0 kg/m? (SD=4.6, Min=16.6, Max=46.7). The
patients with asthma had received their diagnosis on
average 17.4 years (SD=14.6, Min=1, Max=65) prior to
inclusion. In the BG, 10 patients had controlled, 11 partly
controlled, and 9 uncontrolled asthma; two BG patients
received step 1 pharmacotherapy, two were on step 2,
20 on step 3, and 6 on step 4 therapy. UT included 10
patients with controlled, 10 with partly controlled, and 10
with uncontrolled asthma; two UT patients were on step
1, 6 on step 2, 20 on step 3, and two on step 4 pharma-
cotherapy [22]. Baseline characteristics differed between
HC and BG/UT but were similar between BG and UT
groups, with the exception of MP and FEV; (Table 1).

Apart from the one UT participant hospitalized
for sinusitis and otitis media, no adverse events were
reported.

Primary and secondary outcome measures

Primary outcome measure

The primary analysis regarding CP vyielded a signifi-
cant time-by-group interaction [F(1,58.09)=28.70,
p<0.001] as well as a statistically significant main effect

Table 1 Baseline characteristics of the study participants
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for study group [F(1,58.27)=5.91, p=0.018] and time
[F(1,58.36)=17.67, p<0.001]. With respect to post-hoc
analyses, Holm adjustment revealed no significant differ-
ence between both groups at BL (estimate=— 1.63, 95%
CI — 4.82, 1.56; p,q;=0.94, d,q;=— 0.15) but a significant
increase within BG (estimate=— 8.65, 95% CI — 11.21,
— 6.08; p,g;<0.001, d,q;=— 0.81) as well as a significant
between-group difference at 3-Mo FUP (estimate=8.05,
95% CI 4.89, 11.21; p,4;<0.001, d,4;=0.74) (data in detail:
Table 2). In this analysis FEV, was included as covariate
due to the baseline differences between groups, while MP
was not included due to its close relationship to and col-
linearity with CP.

The results regarding changes in CP corresponded to
those of comparisons with the BL. measurement of HC.
At BL, HC had significantly higher values compared to
BG (d=- 0.80) and UT (d=- 0.55). At 3-Mo FUP, BG
values were no longer different from BL measurements of
the HC (d=0.33), whereas in the UT group values were
still lower than those of the HC (d=— 0.73) (Table 5).

Secondary outcome measures

Functional measures At BL, MP was significantly lower
in BG than in UT (d=- 0.60) (Table 3) but at the 3-Mo
FUP, MP was higher in BG compared to UT (d=1.27)
(Table 3), corresponding to a significant within-increase
in BG (d=1.66) (Table 4). Accordingly, MP differed
between HC and BG at BL, but not at the 3-Mo FUP. In

Parameters HC(n=30) BG(n=30) UT(n=30) BGvs.HC BGvs. UT UT vs. HC
95% Clt 95% Clt 95% Clt

Demographics  Age, years 56.4+135 59.0+139 539+11.6 —45;9.7 1517 -9.0;4.0

Sex, male n (%)t 10 (33) 10 (33) 12 (40) - - -

BMI, kg/m2 239+36 254+4.36 25.8+5.67 —0.53;3.55 —3.05;2.09 — 044,442
Breathhold CPs 1830+9.18 1213+596 1383+705 —1018—-215 —507,1.67 —870;,—0.23

MP,s 30.77+1262 1870+6.17 2400+1088 —1724,-689 —990;,-0.70 —12.86;—0.68
Spirometry FEV,, %predicted 93+15 69+22 80+16 —34,-14 -21;-1 -21;-5
Capnovolumetry asinh(s2) 142+0.25 1.38+0.36 144+033 —-0.20,0.12 —-0.24,0.12 -0.13,0.17

asinh(s3) 0.07+0.05 0.19+0.15 0.14+0.12 0.06,0.18 —-0.020.12 0.02,0.12

asinh(s3/s2) 004+003  011+£009 007+006  0.04,0.11 >0.00,0.08 0.01,0.06

Threshold deadspace, mL 923+243 85.0+28.0 93.7+313 —208;6.3 —240;6.7 —-13.1;159
Symptoms Asthma Control Questionnaire (ACQ), - 203+1.11 164£113 - -018,097 -

score

Nijmegen Questionnaire (NQ), score 3.53+5.07 19.3+10.1 156+74 11.6; 19.9 -09;83 88,154
Medication B,-Agonists (salbutamol equivalents), - 290.5+1936 3105+2678 - -141.1;101.0 -

Hg/d

ICS (BDP equivalents), ug/d - 8758+£849.0 7408+5930 - —244.5;5144 -
Inflammation FeNO, ppb 202+11.8 31.7+£233 3584331 20;212 -189;10.7 27,287

Data are mean values +SD or tnumbers and percentages. HC healthy controls, BG Buteyko group, UT usual treatment, BMI body mass index, CP control pause,
MP maximum pause, FEV, forced expiratory volume in 1 s, s2 slope of phase 2 in g/mol*L, s3 slope of phase 3 in g/mol*L, s3/52 ratio of slopes of phases 3 and 2,
asinh Areasinus hyperbolicus, ACQ Asthma Control Questionnaire, NQ Nijmegen Questionnaire, ICS inhaled corticosteroids, BDP beclomethasone dipropionate,
FeNO fractional exhaled nitric oxide. Bold type indicates significant effects or differences with confidence intervals that do not contain zero
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Table 2 Post-hoc comparison of time-by-group interactions

Group-by-time combinations Estimate 95% Cl 95% Cl p value Holm-adjusted Cohen’s d

(lower) (upper) p value adjusted

BGg, vs. UTg, -163 - 482 156 031 0.94 -0.15

BGg, vS. BG3 o rup —865 -11.21 -6.08 <0.001 <0.001 —-0.81

BGg, vs. UTs o rup - 059 -379 261 0.71 0.94 0.06

UTg1 Vs. BG3vo Fup -7.01 -10.17 —-3.86 <0.001 <0.001 —-0.66

UTgp vs. UTs 0 rup 104 -152 359 042 0.94 0.10

BG3.mo rup VS- UTsvo Fup 8.05 489 11.21 <0.001 <0.001 0.74

The table shows post-hoc comparisons of all possible time-by-group interaction combinations along with adjusted Cohen’s d and p values

Table 3 Adjusted mean differences between parameters in Buteyko (BG) and usual treatment group (UT)

Parameters Timepoint BG(n=30) UT(n=30) Mean differencet 95% Clt ESt Adj.mean 95%Cl#% ES+

differencet

Functional indices

CPs BL 1213+£596 1383+705 -1.70 —-507;1.67 —-026 9.70 6.09;13.31 1.39
3-MoFUP  20.80+570 1280+537 8.00 5.14;10.86 144

MP,s BL 18.70£6.17 24.00+£10.88 —5.30 -990;,-0.70 —-060 17.07 11.98;22.16 1.73
3-MoFUP  3330+10.76 2153+743 11.77 6.97;16.56 1.27

FEV,, %predicted BL 69+22 80+16 -1 =21;-1 -056 3 -4,9 0.22
3-Mo FUP 7321 8119 -8 -19;2 —-041

asinh(s2) BL 1.38+0.36 144+033 —-006 —0.24,0.12 -0.18 006 —0.120.24 0.18
3-Mo FUP 1.37+0.30 137+0.38 0.00 -0.18,0.18 0

asinh(s3) BL 0.19+£0.15 0.14£0.12 005 —-0.02,0.12 038 -004 —-0.11,002 -033
3-Mo FUP 0.16+0.11 0.15+0.14 0.01 —0.05,0.07 0.08

asinh(s3/s2) BL 0.11+0.09 0.07+0.06 0.04 >0.00,0.08 052 —0.03 —-0.07,<000 -053
3-Mo FUP 009+007  0.08+008 001 —-0.03,004 0.08

Threshold deadspace, BL 85.0+280 93.7+313 -87 —240;6.7 -029 11.0 0.01;219 0.52

mL 3-Mo FUP 9534279 93.09+269 23 -119;16.5 0.08

Symptoms

ACQ, score BL 203+1.11 164+1.13 039 -0.18;0.97 035 —0.48 -088,-009 -063
3-Mo FUP 147+0.99 156+1.11 —0.09 —0.63;045 -0.09

NQ, score BL 193+103 156+74 3.7 -09;83 042 —3.8 —75-002 - 052
3-Mo FUP 11.04£9.2 111482  —-005 —46;45 -001

Medication

B,-Agonists (salbutamol  BL 290541936 3105+267.8 —20.0 —141.1;101.0 —009 —-686 — 144675 —047

equivalents), ug/d 3MoFUP  2269+201.1 31562881 —886 ~2173;401 —036

ICS (BDP equivalents), BL 8758+849.0 7408+593.0 1350 —2445;5144 0.8 — 2455 —463.1;,-279 —-058

hg/d 3-MoFUP 714348572 8249+6253 —1106 —499.1;278.1 -0.15

FeNO BL 31.7+233 3584331 —41 -18.9;10.7 —-0.14 477 —49;145 0.26
3-Mo FUP 37.0+28.1 363+304 07 —-145;158 002

Values refer to baseline (BL) and 3-month follow-up (3-Mo FUP). Moreover, between-group differences as a function of time are shown. Data are mean values and
SD. t between-group differences at BL and 3-Mo FUP.  Adjusted between-group differences. ES Cohen'’s d, Cl confidence interval, Adj. adjusted, CP control pause,

MP maximum pause, FEV, forced expiratory volume in 1's, 52 slope of phase 2 in g/mol*L, s3 slope of phase 3 in g/mol*L, s3/52 ratio of slopes of phases 3 and 2,
asinh Areasinus hyperbolicus, ACQ Asthma Control Questionnaire, NQ Nijmegen Questionnaire, ICS inhaled corticosteroids, BDP beclomethasone dipropionate,
FeNO fractional exhaled nitric oxide. Bold type indicates significant effects or differences with confidence intervals that do not contain zero

contrast, UT showed significantly lower values at both
BL and 3-Mo FUP, compared to HC (Table 5).

BG had slightly lower baseline values of FEV, than UT
(Table 3), despite randomization. Neither BG nor UT

FEV, at both BL and 3-Mo FUP (Table 5).

showed significant within-changes over time (Table 4).
Compared with HC, BG and UT had a significantly lower
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Table 4 Within-group differences for outcome parameters in Buteyko (BG) and usual treatment group (UT)

Parameters BG: 3-Mo FUP vs. BL UT: 3-Mo FUP vs. BL
Mean difference 95% Cl ES Mean difference 95% Cl ES

Breathhold CPs 8.67 6.15;11.19 1.49 -1.03 —3.73;1.66 -0.16

MP, s 14.60 10.75; 1845 1.66 —247 —-597,1.03 -0.26
Spirometry FEV,, %predicted 3 -1;8 0.16 1 —4;5 0.04
Capnovolumetry asinh(s2) - 0.01 -0.12,0.10 -0.03 -0.07 -0.22,0.08 -02

asinh(s3) -003 —-0.09,0.03 -023 001 —0.03,005 0.09

asinh(s3/s2) -0.02 —0.05,0.00 -03 0.01 —0.01,003 0.15

Threshold deadspace, mL 10.3 33,173 037 -07 -94;8.1 —-0.02
Symptoms ACQ, score —0.56 —0.88;,-024 - 054 —-0.08 —0.33;0.17 -0.07

NQ, score —8.3 -11.0;,-55 -085 —4.5 -71;,-19 - 058
Medication B,-Agonists (salbutamol —63.5 —1120;—15.1 -032 5.1 —5567;65.7 0.02

equivalents), ug/d

ICS (BDP equivalents), ug/d —161.5 —3175,—-55 -0.19 84.1 — 744, 2425 0.14
Inflammation FeNO, ppb 52 —-3.1:135 0.2 0.5 —-49:58 0.01

The table shows within-group differences for outcome parameters in Buteyko group (BG) and usual treatment group (UT) as a function of time (BL =baseline, 3-Mo
FUP =3-month follow-up). Within-group differences refer to 3-Mo FUP vs. BL. ES Cohen’s d, C/ confidence interval, CP control pause, MP maximum pause, FEV, forced
expiratory volume in 1's, s2 slope of phase 2 in g/mol*L, s3 slope of phase 3 in g/mol*L, s3/s2 ratio of slopes of phases 3 and 2, asinh Areasinus hyperbolicus,

ACQ Asthma Control Questionnaire, NQ Nijmegen Questionnaire, ICS inhaled corticosteroids, BDP beclomethasone dipropionate, FeNO fractional exhaled nitric oxide.
Bold type indicates significant effects or differences with confidence intervals that do not contain zero

Table 5 Between-group differences: healthy controls (HC) vs. Buteyko (BG) or usual treatment group (UT)

Parameters Time HC vs. BG HCvs. UT
Mean difference 95% CI ES Mean difference 95% CI ES
Breathhold CPs BL —-6.17 -1018,-215 —-080 —4.47 -870,—023 —055
3-Mo FUP 2.50 - 147,647 033 -=5.50 -941,-159 =073
MP s BL —12.07 —-1724,-689 -121 —6.77 —-1286;,-068 —057
3-Mo FUP 253 —353;860 022 -9.23 —1461,-385 —089
Spirometry FEV,, %predicted BL —0.24 -034,-014 -126 —-0.13 -021,-005 -083
3-MoFUP  —0.21 -030,-011 =111 =0.12 -021;,-004 -073
Capnovolumetry — asinh(s2) BL - 0.04 -0.20,0.12 -0.13 0.02 -0.13,0.17 0.07
3-Mo FUP  —0.05 -0.19,0.09 -0.18 -0.05 -0.22,0.12 -0.16
asinh(s3) BL 0.12 0.06,0.18 1.08  0.07 0.02,0.12 0.74
3-Mo FUP 0.09 0.05,0.14 1.07 0.08 0.03,0.13 0.79
asinh(s3/s2) BL 0.08 0.04,0.11 116 0.04 0.01,0.06 073
3-Mo FUP 0.05 0.03,0.08 1.03 0.05 0.02,0.08 0.8
Threshold deadspace, mL  BL -73 -20.8;6.3 -0.28 14 -13.1;159 0.05
3-Mo FUP 3.0 —105;16.6 0.12 0.7 —125;14.0 0.03
Symptoms NQ, score BL 15.8 11.7;199 197 121 8.8;154 1.90
3-Mo FUP 7.5 36,114 1.01 7.6 40;11.1 1.1
Inflammation FeNO, ppb BL 11.6 20;21.2 063 15.7 2.7:28.7 0.63
3-MoFUP  16.8 5.5;28.1 078 16.1 4.1;282 0.70

The table shows between-group differences between healthy controls (HC, n=30) and either Buteyko group (BG, n=30) or usual treatment group (UT, n=30).
Differences refer to the values at baseline (BL) or 3-month follow-up (3-Mo FUP). ES Cohen’s d, C/ confidence interval, CP control pause, MP maximum pause,

FEV1 forced expiratory volume in 1 s, s2 slope of phase 2 in g/mol*L, s3 slope of phase 3 in g/mol*L, s3/52 ratio of slopes of phases 3 and 2, asinh Areasinus
hyperbolicus, NQ Nijmegen Questionnaire, FeNO fractional exhaled nitric oxide. The Asthma Control Questionnaire was omitted as it could not be sensibly asked in
the HC group; the same was true for medication. Bold type indicates significant effects or differences with confidence intervals that do not contain zero
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Regarding capnovolumetry we found no significant
difference for asinh(s2) and asinh(s3) but a significant
adjusted mean difference for asinh(s3/s2) indicating an
improvement approximating HC for the Buteyko group
(Table 3, Fig. 2). HC showed significantly lower values
for asinh(s3) and asinh(s3/s2), compared with BG and
UT (Table 5). The values of VD, in BG and UT did
not differ from those of HC, neither at BL nor at 3-Mo
FUP (Table 5). In the longitudinal comparison, however,
VDy, increased significantly from BL to 3-Mo FUP in
BG (with a small ES, Table 4) but not in UT, resulting in a
significant adjusted mean difference (Table 3, Fig. 2).

With respect to FeNO, BG and UT had higher NO val-
ues than HC at BL and 3-Mo FUP (Table 5). No signifi-
cant within- or between differences were found for BG
and UT (Tables 3, 4).

Questionnaires and medication Regarding the ACQ
score, BG showed a significant decrease between BL and
3-Mo FUP, with a medium effect size (Table 4). Although
the differences BG vs. UT were not significant at both
BL and 3-Mo FUP, we found a significant effect for the
adjusted mean difference regarding the comparison of
changes in the two groups (d=— 0.63) (Table 3, Fig. 2).

With respect to the NQ score, both BG and UT
showed significant decreases over time, but with higher
effect sizes for BG (Table 4), as reflected in a significant
adjusted mean difference of changes between BG and UT
(d=— 0.52) (Table 3, Fig. 2). Compared to HC, the score
was elevated in BG and UT, both at BL and 3-Mo FUP,
with high effect sizes (Table 5).
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Regarding the use of beta-2 agonists and ICS, BG
showed a reduction between BL and 3-Mo FUP, with
small effect sizes. In contrast, medication intake
remained almost constant for UT (Table 4). No signifi-
cant differences between BG and UT were found either
at BL or 3-Mo FUP, but the adjusted mean difference of
the changes over time turned out to be significant for ICS
intake (d=— 0.58) (Table 3, Fig. 2).

Discussion

In our study of the effects of the Buteyko breathing tech-
nique (BBT) in adults with asthma, we found improve-
ments in several outcome parameters in the Buteyko
group. CP, a basic breathhold measure, and MP increased
as direct consequences of BBT indicating adherence to
the therapy at home. Importantly, BBT also had clinical
effects, since asthma control in terms of ACQ and NQ
improved, while asthma medication use was reduced.
However, at the end of the study period NQ was still
higher than in healthy control subjects, indicating that
the asthma was—understandably—not eliminated by
BBT. Spirometry did not indicate changes in airway func-
tion, in contrast to capnovolumetry at resting ventila-
tion, as the threshold deadspace slightly increased in the
BBT but not in the Usual Treatment group, suggesting an
increase in bronchial volume possibly indicating a better
functional status. Taken together, the results of this com-
prehensive study revealed small but clear clinical ben-
efits of the Buteyko breathing technique (BBT) in adult

CP, sec [*10"1] infavorof UT -.— in favor of BG
MP, sec [*10"-1] _._
FEV1, % [*10"1] — -
asinh(s2) [*-10]
asinh(s3) [*-10] -
asinh(s3/s52) [*-10] Hil—
Threshold deadspace, ml [*10-1] ——
ACQ score [*-1] i
Nijmegen score [*-1] B
R-2 ag. (salb. equiv.), pg/d [*-10"-2] ——
ICS (BDP equiv.), pg/d [*-10%-2] L]
FeNO, ppb [*10°-1] ——
4 3 2 4 0 1 2 3 4 5 6 1 8

Fig. 2 Adjusted mean differences between the BBT and the UT group as given in Table 3 together with their 95% confidence intervals. The
numbers in the brackets indicate conversion factors used to render the magnitude of the outcome measures better readable without using
different scales
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patients with asthma, which were reflected by both clini-
cal and functional parameters.

Buteyko suggested CO, depletion from chronic hyper-
ventilation as a factor contributing to the development or
aggravation of asthma, and proposed the assessment of
the corresponding hypocapnia via CP in a simple proce-
dure. Courtney and Cohen [29] tested Buteyko’s hypoth-
esis in 83 adults who had normal or abnormal spirometry
and were categorized as either healthy or suspected of
dysfunctional breathing. They found a negative cor-
relation between CP and end-tidal CO,, in contrast to
Buteyko’s original assumption, and no difference in end-
tidal CO, between individuals with abnormal vs. normal
spirometry. Despite this, CP was shorter in the abnormal
spirometry group and correlated with a dysfunctional
breathing pattern [20]. Bowler and colleagues observed
low end-tidal CO, in patients with asthma and no change
with BBT or a control condition (placebo breathing
technique) [16]. In contrast, Abramson et al. found an
increase in end-tidal CO, with BBT that was greater than
with asthma education [39]. Slader and colleagues com-
pared BBT-like exercises with non-specific upper body
exercises and observed no differences in end-tidal CO,
or changes within the groups [19]. In a study of patients
with asthma divided into a medication plus BBT and a
medication-only group, Hassan et al. found an improve-
ment in CP in the BBT group but not in the medication-
only group [9]. El-Nahas et al. [31] investigated the effect
of BBT on acid-base balance in asthma. Patients were
assigned to either a BBT group or a group with stand-
ard chest physiotherapy and assessed before and after
8 weeks of training. The outcome measures were arterial
blood gas (ABG) analysis, CP, and an asthma question-
naire. The BBT group showed significant within-group
improvements in ABG, CP, and questionnaire data, in
contrast to the physiotherapy group. After treatment,
between-group differences were also in favor of BBT [40].

The present study used different types of outcome
measures to substantiate a potential effect of BBT. The
first one comprised two indices of breathhold capac-
ity directly linked to BBT exercises. The fact that these
indices were changed in the Buteyko group confirms
that the exercises at home were performed by the par-
ticipants and that, therefore, an essential condition for a
valid assessment of effects was satisfied. The second type
of assessments comprised clinical measures in terms of
asthma control and need for respiratory medication.
These were of major importance, since they demon-
strated the clinical effectiveness of the BBT. Obviously, it
would be of minor relevance if BBT would change breath-
ing parameters without clinical correlates. The third set
of outcome assessments comprised physiological indi-
ces. We assessed FEV, as an established measure of lung
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function. It mainly served for patient characterization, as
we did not expect major effects of BBT on FEV;. How-
ever, just the absence of changes was relevant in showing
that the reduction in medication use was not associ-
ated with a deterioration of conventional lung function
parameters. More subtle information was expected from
capnovolumetry during resting ventilation, as it might
capture slight changes in the inhomogeneity of ventila-
tion or in bronchial volume [26, 27]. Indeed, the thresh-
old volume, which is the expired volume until the first
rise in exhaled CO, occurs, became larger after BBT but
not after usual therapy. This might be interpreted as sign
of a slight increase in bronchial volume which could be
an indicator of persistent bronchodilation [41] that could
not be observed in the less sensitive FEV,.

To assess potential effects on airway inflammation, we
determined the exhaled nitric oxide in terms of FeNO.
This is an easily measurable marker of Th2-type airway
inflammation produced by epithelial cells as a result
of IL-13-induced activation of nitric oxide synthase
[42-44]. FeNO is associated with the clinical response
to inhaled corticosteroids (ICS) and with airway hyper-
responsiveness (AHR) [45-48]. Correspondingly, it has a
significant role in the diagnosis of asthma [49], although
its precise value depends on a number of variables, such
as age, height, smoking status and atopic condition [46,
50-53]. In the present study we did not expect a reduc-
tion of FeNO with BBT, and in fact a slight, but not sta-
tistically significant increase was observed, while the
value in the UT group remained constant. The increase
was probably due to the reduction of ICS use in the BBT
group and, remarkably enough, not linked to lower but
to better asthma control. This result appears to underline
an ICS-sparing potential of BBT without compromising
asthma control. Independent of effects of BBT by itself,
it might also be that the awareness associated with the
daily exercises improved the patients’ ability to adjust the
ICS therapy according to their needs without eliciting an
impairment in asthma control. If true, this would be an
interesting side-effect of the Buteyko approach.

The BBT resulted in, albeit small, clinically measurable
improvements, and these reached the minimal clinically
important difference of 0.5 points in the ACQ. The NQ
turned out to be less informative despite showing a large
mean change, due to its much larger variation. Remarka-
bly, with BBT the use of both beta-2 agonists and inhaled
corticosteroids was reduced by about 20% after 3 months
compared to baseline, whereas ACQ and the use of medi-
cation were virtually unchanged in the patients receiv-
ing usual treatment. It should also be noted that none of
the randomly allocated patients of the BBT group com-
plained about the additional efforts and time required.
In view of this, it seems a remarkable success that using
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a simple non-pharmacological intervention, the clini-
cal state of asthma was improved and at the same time,
the need for respiratory medication reduced. While this
might be of minor importance regarding beta-2 ago-
nists, it might be relevant for corticosteroids given their
adverse side effects that have been demonstrated in
patients with asthma [3-5, 54, 55], apart from the reduc-
tion in medication costs.

Due to possible diurnal variability in symptoms and
lung function, patients with asthma should be exam-
ined at the same time of day [2]. For reasons of feasibil-
ity, assessments in both groups (BG and UT) and at both
timepoints (BL and 3-Mo FUP) were carried out at dif-
ferent times of the day, which is a limitation of the pre-
sent study. To rule out changes in measurement times as
a confounding factor, we analyzed the times and found
no significant differences between the groups and the
timepoints. We, therefore, assume that the changing
measurement times might have affected both groups and
timepoints equally and did not influence our results.

Although the number of included participants satisfied
the demands from the power calculation and was suf-
ficient to observe statistically significant effects, it was
too small to allow for the identification of potential sub-
groups of responders and non-responders to BBT, a fur-
ther limitation of our study. It would also be of interest to
study patients with severe asthma to reveal whether BBT
elicits positive effects even in these patients who have a
high demand for therapy and in whom psychological
problems are not rare.

Conclusions

The data of this randomized, controlled trial demon-
strated positive clinical effects in terms of improved
asthma control and lower medication use after Buteyko
breathing therapy at home over a period of 3 months.
These improvements were associated with improvements
of indices used for the quantification of breathhold pro-
longation with Buteyko therapy. They were also reflected
in a small increase in bronchial volume detected by
capnovolumetry during normal breathing, which again
occurred despite the reduction in respiratory pharma-
cotherapy. As the self-controlled breathing therapy was
well-accepted by the participants, it seems to be a sup-
porting tool in asthma therapy that is worth of wider
attention in clinical practice.

Abbreviations

ACQ Asthma Control Questionnaire
asinh Areasinus hyperbolicus

BBT Buteyko breathing technique
BDP Beclomethasone dipropionate
BG Buteyko group

BL Baseline
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CcpP Control pause (Buteyko control pause in seconds)
FeNO Fractional concentration of exhaled nitric oxide
FEV, Forced expiratory volumein 1s
HC Healthy controls
ICS Inhaled corticosteroids
MP Maximum pause (Buteyko maximum pause in seconds)
NQ Nijmegen Questionnaire
PaCoO, Alveolar CO, partial pressure
s2 Slope of phase 2 in capnovolumetry
s3 Slope of phase 3 in capnovolumetry
3-Mo FUP  3-Month follow-up
ut Usual treatment
VDo Threshold deadspace
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