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Abstract

Objective: Pulmonary rehabilitation improves exercise tolerance in patients with chronic obstructive pul-
monary disease (COPD). However, many patients do not have access to pulmonary rehabilitation programs. We
hypothesized that an alternative to pulmonary rehabilitation to improve exercise tolerance is the practice of
pranayama, or yoga breathing, which could be done independently at home. We also sought to determine
whether yoga nonprofessionals could adequately teach pranayama to patients.

Design: Proof-of-concept, randomized, double-blind, controlled pilot trial.
Settings/Location: Two academic pulmonary practices.
Subjects: Forty-three patients with symptomatic, moderate-to-severe COPD.
Interventions: Twelve weeks of pranayama plus education versus education alone. Two yoga professionals

trained the research coordinators to conduct all pranayama teaching and monitored the quality of the teaching
and the practice of pranayama by study participants.

Outcome measures: The primary outcome was a change in the 6-min walk distance (6MWD). Secondary
outcomes included changes in lung function, markers of oxidative stress and systemic inflammation, and
measures of dyspnea and quality of life.

Results: The 6MWD increased in the pranayama group (least square mean [95% confidence interval] = 28 m
[-5 to 61]) and decreased in the control group (-15 m [-47 to 16]), with a nearly significant treatment effect
( p = 0.06) in favor of pranayama. Pranayama also resulted in small improvements in inspiratory capacity and air
trapping. Both groups had significant improvements in various measures of symptoms, but no overall differ-
ences in respiratory system impedance or markers of oxidative stress or systemic inflammation.

Conclusion: This pilot study successfully demonstrated that pranayama was associated with improved ex-
ercise tolerance in patients with COPD. Lay personnel were able to adequately teach patients to practice
pranayama. These results suggest that pranayama may have significant clinical benefits for symptomatic pa-
tients with COPD, a concept that needs to be confirmed in future, larger clinical trials.
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Introduction

Patients with chronic obstructive pulmonary disease
(COPD) primarily suffer from poor exercise tolerance and

dyspnea.1–5 Inhaled bronchodilator therapy is currently the
mainstay of therapy in COPD.6 However, bronchodilators are
expensive and may have significant side-effects, and many
patients continue to have symptoms despite therapy.

A validated, nonpharmacologic approach to combating
the dyspnea and exercise intolerance of COPD is pulmonary
rehabilitation.7,8 Two common breathing techniques are
taught during pulmonary rehabilitation: diaphragmatic
breathing and pursed-lip breathing.7 Both are beneficial be-
cause they result in a slowing of the breathing rate, which
leads to longer exhalation time, better lung emptying, and
reduced dynamic hyperinflation.9–11 Unfortunately, the ben-
eficial effects of pulmonary rehabilitation diminish with
time,12 and pulmonary rehabilitation programs are not widely
available, especially to lower-income, minority, and rural
patients.7 These programs are also poorly reimbursed, making
them expensive to run and difficult for patients to afford.7

Multiple factors contribute to poor attendance at pulmonary
rehabilitation programs, including smoking status, severity of
dyspnea, anxiety and depression, length of program, fre-
quency of hospitalizations, and long journey time.13,14

Pursed-lip and diaphragmatic breathing focus on the me-
chanics of breathing, whereas the breathing techniques of
pranayama (yoga breathing) encourage participants to also
focus on relaxation, which is important in reducing anxiety in
patients with COPD.11 Early studies indicate that yoga and
pranayama are feasible and well tolerated in COPD patients,
and they may result in decreased dyspnea, increased exercise
capacity, improved oxygenation, or better quality-of-life
scores.15–19 However, these prior studies were limited be-
cause they involved a single yoga breathing session,17 had no
control group,20 or might be difficult to achieve in practice
because they required participation in an extensive yoga
program15,18–20 or involved multifaceted pranayama.16

We hypothesized that focusing only on a simple pranaya-
ma would be feasible to teach in the clinic, easy to practice at
home, and result in increased exercise tolerance in patients
with symptomatic COPD. As a pilot study, we also measured
multiple aspects of pulmonary function related to dynamic
hyperinflation,2,4,5,21 as well as biomarkers of inflammation22

and oxidative stress,23,24 which are associated with COPD.

Materials and Methods

Patient population

We enrolled patients who were 18 years of age and older
who had a physician diagnosis of COPD with symptoms
of shortness of breath as indicated by a modified medical
research council (mMRC) Dyspnea Scale25 score >2, and
airway obstruction defined by forced expiratory volume in
1 sec (FEV1)/forced vital capacity (FVC) ratio <0.7 and
FEV1 < 80% predicted. They had to be current nonsmokers
with stable disease over the previous 4 weeks, and not en-
rolled in pulmonary rehabilitation or practicing yoga.

Study design

This study design was a 12-week, randomized, double-
blind, controlled trial of pranayama in patients with COPD.

The study was conducted at the Vermont Lung Center of the
University of Vermont, in Burlington, Vermont, and at
Baylor College of Medicine in Houston, Texas, over the
period from January 2013 to October 2015.

Based on a computer-generated randomization scheme
administered by the statistician, participants were randomly
assigned to receive pranayama teaching, in addition to edu-
cation (pranayama group) or education alone (control group).
Participants in both groups were not fully informed of the
study’s purpose to test the efficacy of pranayama; rather, they
were told that this was a study of education in COPD, with
different groups receiving different emphasis on breathing
techniques. In addition, one set of research coordinators who
knew of group assignment conducted all pranayama teaching
and educational sessions, whereas a different set of research
coordinators who were blinded to group assignment con-
ducted all measurements and assessments.

For those randomized to the pranayama group, research
coordinators conducted pranayama teaching after first un-
dergoing direct personal instruction in pranayama by a local,
certified Kripalu yoga (a type of Hatha yoga) instructor.
We selected the pranayama method known as the Dirgha
(meaning ‘‘long’’) Three-Part breath because of its sim-
plicity and ease of practice. Specifically, the Dirgha breath
calms the mind and body, reducing stress and anxiety. This
pranayama also promotes relaxed, slow, complete inhala-
tions and exhalations, which are important to enhance lung
emptying, a particular problem in patients with COPD.4

The yoga instructors trained the research coordinators
to teach the Dirgha breath in the following manner: While
sitting in a chair, participants were instructed to breathe in
slowly through their nose to fill first the bottom of their
lungs, then the middle of their lungs, and finally the top of
their lungs. They could then empty in the same order from
bottom to top, or from top to bottom if that felt more
comfortable, from nose or mouth. There were no restrictions
on the speed or frequency of the breaths. Although this is
similar to diaphragmatic breathing, the focus on visualiza-
tion of lung filling and emptying and on relaxation make the
Dirgha breath more ideally suited to patients with COPD.

The yoga instructors monitored the pranayama teaching
by the research coordinators for consistent quality through-
out the study. First, they initially certified that the research
coordinators were proficient in teaching and practicing
the Dirgha breath. Then, the yoga instructors reviewed the
teaching interaction between the research coordinator and the
participant after the first three participants were enrolled.
Finally, the yoga instructors also reviewed videotapes of the
interaction between the research coordinator and each par-
ticipant when that participant returned for his or her 6-week
visit. Any deficiencies that were identified at any of these
points of time were resolved before the research coordinator
could continue with the study.

Both groups received usual care as prescribed by their per-
sonal physician, in addition to focused, standardized sessions of
education provided by the research coordinators. We used
standardized, instructional materials published by the American
College of Chest Physicians Patient Education Guide (‘‘Living
Well with COPD,’’ 2004, www.chestnet.org) and the Cana-
dian Thoracic Society (‘‘Living Well with COPD,’’ www.
livingwellwithCOPD.com). Participants spent 1 h at each visit,
with those in the pranayama group spending 30 min on the
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educational materials and 30 min learning and practicing pra-
nayama, and those in the control group spending 60 min on the
educational materials. Of particular importance, during the
session that covered breathing exercises, the pursed-lip and
diaphragmatic breathing techniques were described briefly to
both groups, but they were not emphasized. The research co-
ordinators were careful to balance these sessions so that both
groups received the same overall content, although a slightly
different time was spent on these educational materials. Both
groups received the same total time of attention during all visits.

A different set of research coordinators, blinded to group
assignment, conducted all the measurements and assessments
in this study. At baseline, we recorded age, sex, height, weight,
and body–mass index (BMI), and we then made multiple
measurements of symptoms (Borg dyspnea scale,26 mMRC
dyspnea scale,25 Baseline Dyspnea Index/Transitional Dys-
pnea Indices [BDI/TDI],27 COPD Assessment Test [CAT]28).

We also measured multiple aspects of lung function:
(FEV1, FVC, FEV1/FVC, inspiratory capacity [IC; MGC
Diagnostics, Inc.], inspiratory time to total breathing cycle
time [Ti/Ttot], 6-min walk distance [6MWD],29 and body-
mass index, airflow obstruction, dyspnea, exercise capacity
[BODE] index).30 In addition, we measured lung volumes31

(total lung capacity [TLC], functional residual capacity
[FRC], residual volume [RV]) and specific airway conduc-
tance (sGaw) by body plethysmography (MGC Diagnostics,
Inc.), and the diffusing capacity of the lung for carbon
monoxide (DLCO)32 (MGC Diagnostics, Inc.).

We measured respiratory system impedance (resistance at
5 Hz [R5], resistance at 20 Hz [R20], reactance at 5 Hz [X5],
resonant frequency [Fres], and area under the reactance
curve [AX]), measured by the forced oscillation technique
(FOT)33 (IOS, CareFusion Corp.), and quality of life (St.
George Respiratory Questionnaire–COPD [SGRQ-C]).34

We collected exhaled breath condensate (EBC) for mea-
surement of oxidative stress (hydrogen peroxide [H2O2]35

and 8-isoprostane23) (by enzyme-linked immunosorbent
assay [ELISA]; R&D Systems, Inc.), and blood for mea-
surement of inflammation (C-reactive protein [CRP]22 [by
nephelometry, Beckman Immage 800; Beckman Coulter,
Inc.], coefficient of variation of red cell distribution width
[RDW-CV]22 [Beckman Coulter DxH 800 Cell Counter,
Beckman Coulter, Inc.], and interleukin-6 [IL-6]36) (by
ELISA assay; R&D Systems, Inc.). To specifically address
dynamic hyperinflation and its consequences, spirometry,
FOT, and EBC were performed and analyzed as described
earlier, both before and after the 6-min walk tests.

All participants then returned for two 1-h visits per week, for
2 weeks. During these visits, participants received instruction in
pranayama plus education about COPD (pranayama group), or
education alone (control group). We asked participants in the
pranayama group to practice pranayama every day, building up
to 30 min per day, and provided them with a brief, instructional
DVD created by our yoga instructors to use at home. Both
groups kept a daily diary of symptoms and time spent on ex-
ercise and breathing activities. At 6 weeks, all participants re-
turned for another hour-long session of pranayama practice
plus education (pranayama group), or education alone (control
group). At 12 weeks, all participants returned for repeat mea-
surements and assessments as were made at the baseline visit.
All participants received weekly telephone reminders to prac-
tice breathing exercises and complete their diaries.

The study was approved by each institution’s Institutional
Review Board (M12-131 at Vermont, H-30071 at Baylor),
each participant provided informed consent, and the trial was
listed on ClinicalTrials.gov (NCT01633697). An independent
data safety monitoring committee consisting of three pulmo-
nologists with expertise in pulmonary rehabilitation reviewed
study progress and safety at baseline and at quarterly intervals
throughout the study.

Statistical analysis

Baseline demographics, symptoms, and lung function were
compared between groups by using t tests for continuous
measures and chi-square tests for dichotomous measures.
Mean values per week were calculated for the measures
collected in the daily journals. Due to the skewed nature of
these measures, group comparisons were done by using
Wilcoxon rank sum tests. Spearman correlations were used to
examine the association between 6MWD and time spent on
physical activity and on breathing exercises.

The primary outcome was the change in 6MWD over the 12
weeks compared between groups. Based on this outcome, we
estimated that we needed 18 subjects per group to detect a
difference of 50 m in distance with 80% power and a= 0.05. To
account for dropout and lost data, we recruited a total of 42
subjects.

We used SAS Proc Mixed to perform repeated-measures
analysis of variance [ANOVA] on the primary and secondary
outcome data by using the intent-to-treat population. For the
primary outcome, the difference in means and 95% confidence
intervals were evaluated by using the least square means es-
timates generated from the repeated-measures ANOVA. In the

FIG. 1. Study flowchart. Patients were screened for eligibility and then eligible subjects were randomized on enrollment in the
study. Eight patients failed screening: six because of high lung function and two because of low dyspnea. After randomization,
three participants failed to complete the study: one due to newly diagnosed lung cancer, one due to incarceration, and one due to
severe anxiety and depression.
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event of non-normality, the analysis was done on the log- or
square-root-transformed data and the back-transformed means
and interquartile ranges (IQR) were presented. A suitable
transformation could not be found for the respiratory system
impedance measures, so the Wilcoxon signed-rank test was
used to compare baseline with 12 weeks within each group and

the medians and IQR were presented. Correlations between
baseline 6MWD and baseline lung function measures and be-
tween the change in 6MWD and change in lung function from
baseline to 12 weeks were examined with Pearson correlation
coefficients. All analyses were performed by using SAS Ver-
sion 9 statistical software (SAS Institute, Cary, NC). Statistical
significance was determined based on a= 0.05.

Results

Participant characteristics

The study flow (CONSORT) diagram is shown in Figure 1.
All participants attended all visits throughout the study.
Participants were well matched for age, BMI, symptoms, and
lung function, with a slightly higher predominance of women
than men in the pranayama group (Table 1).

Primary outcome

Within groups, the 6MWD increased from baseline to
12 weeks in the pranayama group (28 m [-5 to 61]) and
decreased in the control group (-15 m [-47 to 16]), with
a borderline-significant treatment effect ( p = 0.06), sug-
gesting that the change over time indicated an improve-
ment in 6MWD in the pranayama group only (Table 2 and
Fig. 2). Given the borderline statistical significance of the
treatment effect, we examined the simple effects of time
and group. There was no significant difference in 6MWD
between the pranayama group and the control group at
baseline (22 m [-41 to 85], p = 0.48). However, at 12
weeks, the pranayama group had a significantly greater
6MWD than the control group (65 m [2–129], p = 0.04).

Secondary outcomes

Within groups, there were improvements in IC and RV/
TLC in the pranayama group, but not in the control group,
although these changes were small and not statistically
significant. The Ti/Ttot ratios fell in both groups (Table 2).

There were significant changes over time within groups
in multiple measures of symptoms and disease severity
(Table 3). Though none of the interactions were significant,

Table 1. Baseline Demographics, Symptoms,

and Lung Function

Characteristic
Pranayama

(n = 21)
Control
(n = 22)

Age (years) 68 – 7 68 – 9
Sex (% female) 67 55
BMI (kg/m2) 29 – 7 30 – 4
GOLD (%I/II/III/IV) 0/29/52/19 0/36/41/23
mMRC score (0–4, higher

worse)
3.1 – 0.3 3.0 – 0.3

BDI 5.71 – 2.22 5.54 – 1.87
CAT (0–40, higher worse) 19.1 – 6.5 21.0 – 7.0
BODE index (0–10, higher

worse)
5.24 – 1.81 5.73 – 1.75

SGRQ-C (0–100, higher
worse)

48.6 – 12.7 52.1 – 20.2

SGRQ-C symptom score 62.6 – 18.9 60.3 – 17.7
SGRQ-C activity score 70.2 – 14.2 73.2 – 23.1
SGRQ-C impact score 30.98 – 16.7 36.7 – 21.4
FEV1 (% predicted,

prebronchodilator)
43 – 16 42 – 13

IC (L) 1.95 – 0.73 2.04 – 0.69
RV/TLC (% predicted) 150 – 26 151 – 20
DLCO (% predicted) 37.4 – 13.9 45.2 – 19.9

Values represent means – SD unless otherwise specified. p-Values
are from t tests for continuous characteristics and from chi-square
tests for categorical characteristics.

BDI, baseline dyspnea index; BMI, body–mass index; BODE,
body–mass index, airflow obstruction, dyspnea and exercise
capacity index; CAT, COPD assessment test; COPD, chronic
obstructive pulmonary disease; DLCO, diffusing capacity of the
lung for carbon monoxide; FEV1, forced expiratory volume in 1 sec;
GOLD, Global Initiative on Obstructive Lung Disease; IC, inspi-
ratory capacity; mMRC, modified medical research council; RV/
TLC, residual volume to total lung capacity ratio; SGRQ-C, St.
George Respiratory Questionnaire–COPD.

Table 2. Measures of Pulmonary Function and Exercise Capacity at Baseline and 12 Weeks

Characteristic

Pranayama (n = 21) Control (n = 22) p

Baseline 12 Weeks Baseline 12 Weeks Group Time Group · time

6MWD (m) 290 – 81 316 – 95 268 – 106 252 – 122 0.14 0.57 0.06
FEV1 (% predicted) 43 – 16 45 – 14 42 – 13 43 – 13 0.75 0.32 0.75
IC (L) 1.95 – 0.73 2.07 – 0.77 2.04 – 0.69 2.04 – 0.65 0.75 0.65 0.71
RV/TLC (% predicted) 150 – 26 142 – 27 151 – 20 153 – 20 0.50 0.48 0.13
sGaw mean (IQR)a 0.08

(0.05, 0.21)
0.07

(0.04, 0.19)
0.12

(0.05, 0.18)
0.10

(0.05, 0.14)
0.80 0.52 0.67

DLCO (% predicted)
(ml/min/mmHg)

37.4 – 13.9 42.0 – 19.5 45.2 – 19.9 43.1 – 17.8 0.74 0.92 0.11

VA/TLC 60.1 – 15.9 60.8 – 13.7 60.7 – 11.9 60.7 – 11.5 0.75 0.77 0.80
Ti/Ttot 0.40 – 0.08 0.36 – 0.05 0.40 – 0.09 0.38 – 0.11 0.64 0.16 0.75

Values represent the mean and standard deviations unless otherwise noted. p-Values for group, time, and group · time interaction are
from the repeated-measures model.

aValues represent back-transformed means with IQR.
6MWD, 6-min walk distance; IQR, interquartile range; sGaw, specific airway conductance; Ti/Ttot, inspiratory time to total breathing

cycle time ratio; VA/TLC, alveolar volume to total lung capacity ratio.
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the simple effects of time within groups were examined,
revealing favorable changes in the mMRC and BODE in-
dex in both groups, the CAT score in the control group, and
the SGRQ-C and SGRQ-C impact score in the pranayama
group.

Among respiratory system impedance parameters, there
was a significant decrease in R5 in the pranayama group
after 12 weeks, but otherwise there were no other significant
changes in respiratory system impedance between baseline
and 12 weeks in either group (Table 4). We demonstrated
statistically significant increases in markers of oxidative
stress (exhaled breath H2O2 and 8-isoprostane) in the pra-
nayama group, but otherwise there were no changes in any
systemic markers of inflammation (serum CRP, RDW-CV,
IL-6) in either group (Table 5). When examined before and
after the 6-min walk test at baseline, and again at 12 weeks,
there were no significant differences in Borg levels of dys-
pnea, IC, respiratory system impedance, or exhaled breath
H2O2, but there was a statistically significant drop in ex-
haled breath 8-isoprostane after the 6-min walk at 12 weeks
versus at baseline in the pranayama group (Table 6).

There were significant correlations between baseline lung
function and 6MWD (FEV1 %predicted, r = 0.54, p < 0.001;
IC, r = 0.36, p = 0.02; RV/TLC, r = -0.29, p = 0.06; and X5,
r = 0.38, p = 0.02). However, there were no significant cor-
relations between changes in these baseline variables and

change in 6MWD at baseline versus at 12 weeks. In a for-
ward stepwise regression procedure predicting baseline
6MWD with the baseline lung function measures, only IC
entered the model (R2 = 0.34, p < 0.0001).

Participant performance

Participant diaries revealed that participants in the pra-
nayama group (n = 17 with full diary data) had lower COPD
symptom scores (0–3, 0 = no symptoms: median [IQR], 1.18
[1.00, 1.66] versus 2.00 [1.51, 2.08], p = 0.02), rated less
shortness of breath (0–10, 0 = no shortness of breath: 1.46
[1.00, 2.08] versus 2.28 [1.74, 3.13], p = 0.01), spent more
time on physical activities (107 [89, 187] versus 79 [20,
110] min/week, p = 0.05), and spent more time on breathing
exercises (82.5 [53.3, 108.7] versus 0 [0, 28] min/week,
p < 0.001), compared with those in the control group (n = 22
with full diary data). On average, participants in the pra-
nayama group spent 12 min per day on pranayama. There
were no differences between groups in days of rescue med-
ication use, antibiotic use, steroid use, or hospitalizations.
There were no correlations between 6MWD and either time
spent on physical activity or time spent on breathing exer-
cises. There were no adverse events related to the interven-
tions, and all participants rated their experience in the study
as highly positive. The local yoga professionals validated the

FIG. 2. Individual changes in 6MWD
from baseline to week 12 in the pra-
nayama and control groups. Horizontal
bars indicate mean values. The change in
6MWD over time nearly met statistical
significance with a greater change in the
pranayama group, based on a p-value of
0.06 for the interaction of group · time.
6MWD, 6-min walk distance.

Table 3. Measures of Symptoms and Quality of Life at Baseline and 12 Weeks

Characteristic

Pranayama (n = 21) Control (n = 22) p

Baseline 12 Weeks Baseline 12 Weeks Group Time Group · time

mMRC score (0–4, MID = 1)a 3.1 – 0.3 2.1 – 1.0b 3.0 – 0.3 2.4 – 0.9b 0.68 <0.001 0.21
BDI (baseline), TDI (12 weeks) 5.71 – 2.22 0.89 – 1.88 5.55 – 1.87 -0.05 – 2.19 0.78, 0.16
CAT (0–40, MID = 2)a 19.1 – 6.5 17.7 – 6.1 21.0 – 7.0 17.5 – 7.8b 0.59 0.002 0.31
BODE index (0–10, MID = 1)a 5.24 – 1.81 4.06 – 1.86b 5.73 – 1.75 5.00 – 2.37b 0.24 <0.001 0.42
SGRQ-C (0–100, MID = 4)a 48.6 – 12.7 42.2 – 11.6b 52.1 – 20.2 49.8 – 21.6 0.35 0.02 0.39
SGRQ-C symptom score 62.6 – 18.9 61.2 – 20.0 60.4 – 17.72 56.0 – 21.3 0.43 0.33 0.33
SGRQ-C activity score 70.2 – 14.2 63.4 – 18.7 73.2 – 23.12 71.3 – 26.6 0.45 0.12 0.46
SGRQ-C impact score 31.0 – 16.7 23.1 – 9.9b 36.7 – 21.4 34.8 – 21.5 0.14 0.02 0.16

Values represent means – SD unless otherwise specified. p-Values for group, time, or group · time interaction are from the repeated-
measures model, except for BDI and TDI, where p-values are from the t test comparing groups within time points.

aRange of scores (lower is better), with MID indicated.
bp < 0.05 baseline versus 12 weeks within treatment group based on simple effects.
MID, minimal important difference; TDI, transitional dyspnea index.
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adequate teaching of pranayama to study participants by the
research coordinators.

Discussion

This is the first randomized, controlled study to demon-
strate that simple pranayama alone is associated with im-
proved exercise tolerance in patients with symptomatic
COPD. Further, we have demonstrated the feasibility of
teaching the technique to patients in the clinical setting by
using lay-trained research coordinators as teachers.15–20

This general approach makes our findings applicable in the
primary care clinic, in pulmonary rehabilitation programs,
and at home, where the approach would be particularly
useful for patients who do not have access to a formal
program of yoga or pulmonary rehabilitation.

Our rationale for using pranayama as an intervention is
that it involves slow, relaxed breathing, which is particularly
true of the Three-Part Dirgha breath. Slow, relaxed breath-
ing results in a longer time for expiration and relieves gas
trapping.37 The Ti/Ttot ratios fell in both groups, suggesting
that patients were altering their breathing patterns to allow a
longer time for exhalation. However, only the pranayama
group had evidence of reduced resting gas trapping, as seen
by the lower RV/TLC ratio at 12 weeks. Our data also
demonstrate less resting hyperinflation at 12 weeks, as seen
by the increase in IC in the pranayama group compared with
the control group. The importance of resting hyperinflation
in determining exercise capacity38 is also illustrated by the
finding that only the baseline IC was associated with 6MWD
in a multifactor logistic regression model. However, im-
mediately after exercise, the change in IC was not different
between groups, so we were unable to prove that dynamic
hyperinflation was improved during this clinical trial.

We measured other aspects of lung function, including
respiratory system impedance, but we were unable to dem-
onstrate a statistically significant effect of pranayama on these
parameters over 12 weeks. We expected improvements in
parameters that reflect lung compliance, such as X5 or AX,39

but we suspect, in part, that the wide variability in these
measurements and relatively small sample size precluded the
ability to see such effects. However, it was interesting to note
that X5 correlated with 6MWD, suggesting that increased
respiratory system compliance (greater [less negative] X5) is
associated with increased 6MWD, which would be expected
with less hyperinflation.

Slow, relaxed breathing should also enhance well-being
and reduce anxiety.11 Although we did not measure anxiety
specifically, there were significant improvements in the
SGRQ-C impact score in the pranayama group, which as-
sociates strongly with other measures of anxiety and de-
pression.40 Finally, there is evidence that a complete yoga
program, not just pranayama, can reduce oxidative stress.24

We attempted to assess this via EBC levels of 8-isoprostane
and H2O2. Although we found statistically significant in-
creases in exhaled breath H2O2 and 8-isoprostane in the
pranayama group at 12 weeks, and an acute decrease in
8-isoprostane after the 6-min walk in the pranayama group
at 12 weeks, the clinical significance of these findings is
unclear, and we suspect that they may be spurious due to the
high variability and small sample sizes associated with these
data. We also attempted to track the effect of pranayama on
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systemic inflammation by measuring serum levels of CRP,
RDW-CV, and IL-6. Our data show no difference in these
measures within or between groups.

There are some limitations to this study. First, it involved
only four initial sessions of pranayama teaching, was only
of a 12-week total duration, and involved a small group of
patients. We chose a limited number of teaching sessions to
mimic real-world feasibility, and the total 12-week length as
demonstrated by other studies that have shown benefits of
yoga.15,16 Second, we did not specifically test participant
comprehension of pranayama practice, but we did monitor
that actual practice by a review of videotapes at the halfway
point of the trial. Third, we tried to enhance retention and
adherence by having the subjects keep diaries and by re-
minding them to complete their daily practice through
weekly telephone calls. Nonetheless, our data show that on
average, participants in the pranayama group practiced only
12 min per day at home, which could have reduced the
impact of the intervention. Fourth, we tried to blind par-
ticipants and coordinators involved in assessing outcomes to
the true nature of the intervention, although there was cer-
tainly the possibility that group assignment may have been
revealed, which could have contaminated the results. Fifth,
the research coordinators, not professional yoga instructors,
provided training in pranayama for the participants, with the
potential for teaching improper technique. However, this
study design was intentional, as we wanted to determine
whether lay instructors could reliably learn to teach pra-
nayama. Sixth, the diary data revealed that participants in
the pranayama group spent more time not only on breathing
exercises, as intended, but also on physical activity. It is
possible that the practice of pranayama made participants
feel better and, therefore, more likely to engage in physical
activity, which may have contributed to their improved
exercise tolerance by enhancing their physical conditioning.
Finally, the control group also demonstrated many benefits
in this study, which might have diminished our ability to
detect the effect of pranayama. This improvement might
have been due to the slightly greater amount of time spent in
the control group compared with the pranayama group on
the educational components of the intervention, which was
necessary to balance the total time and attention received by
both groups. However, the improvement in the control
group may have also been due to the general beneficial ef-
fect of participating in a clinical trial (‘‘Hawthorne Effect’’).

Conclusion

Our findings demonstrate that practice of a simple method
of pranayama by patients with COPD, who were taught by
yoga nonprofessionals, is feasible, well tolerated, and associated
with improved exercise capacity. This method should be easy to
implement in the primary care setting, and it may be helpful for
patients who cannot participate in a formal program of yoga or
pulmonary rehabilitation but can practice pranayama at home.
Future, larger studies will need to confirm this finding and
assess the effect of pranayama on other patient-centered out-
comes such as symptoms and quality of life.
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