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Abstract

Purpose: Dysfunctional breathing behaviors are prevalent in chronic obstructive pulmonary disease
(COPD). Although these behaviors contribute to dyspnea, abnormal carbon dioxide (CO2) levels, and COPD
exacerbations, they are modifiable. Current dyspnea treatments for COPD are suboptimal, because they do
not adequately address dysfunctional breathing behaviors and anxiety together. We developed a comple-
mentary mind–body breathlessness therapy, called capnography-assisted respiratory therapy (CART), that
uses real-time CO2 biofeedback at the end of exhalation (end-tidal CO2 or ETCO2), to target dysfunctional
breathing habits and improve dyspnea treatment and pulmonary rehabilitation (PR) adherence in COPD. The
study aim was to test the feasibility of integrating CART with a traditional, clinic-based PR program in an
urban setting.

Methods: We used a feasibility pre- and post-test design, with 2:1 randomization to CART+PR or control
(PR-alone) groups, to test and refine CART. Multi-component CART consisted of six, 1-h weekly sessions of
slow breathing and mindfulness exercises, ETCO2 biofeedback, motivational counseling, and a home program.
All participants were offered twice weekly, 1-h sessions of PR over 10 weeks (up to 20 sessions).

Results: Thirty-one participants with COPD were enrolled in the study. Approximately a third of participants
had symptoms of psychological distress. Results showed that CART was feasible and acceptable based on 74%
session completion and 91.7% homework exercise completion (n = 22). Within-group effect sizes for
CART+PR were moderate to large (Cohen’s d = 0.51–1.22) for reduction in resting Borg dyspnea (anticipatory
anxiety) and respiratory rate, St. George’s Respiratory Questionnaire (SGRQ) respiratory symptoms; and
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increase in Patient-Reported Outcomes Measurement Information System (PROMIS) physical function and
physical activity; all p < 0.05.

Conclusions: CART is a new mind–body breathing therapy that targets eucapnic breathing, interoceptive
function, and self-regulated breathing to relieve dyspnea and anxiety symptoms in COPD. Study findings
supported the feasibility of CART and showed preliminary signals that CART may improve exercise tolerance,
reduce dyspnea, and enhance PR completion by targeting reduced dysfunctional breathing patterns (CTR No.
NCT03457103).

Keywords: breathing therapy, capnography biofeedback, dyspnea anxiety, pulmonary rehabilitation, interoception

Introduction

Chronic respiratory diseases, such as chronic ob-
structive pulmonary disease (COPD), are the third

leading cause of death1 and a significant cause of years lived
with disability.2 About 14% of Americans have COPD.3 The
prevalence and burden of COPD on patients, their families,
and society is high. COPD is characterized by airflow limi-
tation, which leads to dyspnea (breathlessness), and abnormal
levels of carbon dioxide (CO2) and oxygen. Dysfunctional or
irregular breathing patterns in COPD (e.g., a rapid, upper
thoracic dominant breathing pattern and breath holds) are
also very prevalent,4,5 which increase dyspnea and related
anxiety symptoms, and increase the risk of physical activity
avoidance and COPD exacerbations. Currently, there are
limited dyspnea and anxiety treatment options, and man-
agement of dyspnea is suboptimal in COPD.6

Evidence-based pulmonary rehabilitation (PR) is the
standard of care for COPD, consisting of aerobic condi-
tioning, upper body strengthening, and self-management
education. Nonetheless, only 1%–2% of individuals who
need PR receive it and dropout rates are greater than 31%–
40%.7,8 Risk factors for PR dropouts include higher psy-
chological distress and depression9,10 and greater dyspnea.10

Anxiety is further associated with worse PR adherence,
greater dyspnea and perceived functional impairment post-
PR, and worse quality of life and 6-minute walk distance
(6MWD).11,12 There is, therefore, an urgent call for new
approaches to improve dyspnea and related anxiety symp-
tom management and PR utilization in COPD.13

Capnography-assisted respiratory therapy (CART) has
been shown to be feasible and efficacious in adults with
asthma and panic disorder,14,15 both common comorbidities
of COPD. However, the feasibility of CART in adults
with COPD has not yet been investigated. The aim of this
study was to test the feasibility of CART, a new mind–
body breathing therapy and adjunct to outpatient PR, and
share lessons learned, in preparation for a future efficacy
trial.

Investigators studying complementary interventions in
different chronic disease populations may be able to apply
the lessons learned for combining a mind–body intervention
with a traditional outpatient intervention. The overarching
hypothesis is that CART’s mind–body breathing exercises
with biofeedback (targeting improved dyspnea and anxiety
symptom management and PR participation) are feasible in
patients with COPD.16

This study was approved by New York University Lan-
gone Health’s Institutional Review Board.

Materials and Methods

Design and procedures

Using the Obesity Related Behavioral Intervention Trails
Model, we implemented a Phase II proof-of-concept prelimi-
nary feasibility study of multi-component CART to optimize
the intervention and identify early signals for readiness to
conduct an efficacy trial.17,18 Participants referred to an urban
outpatient PR program were randomized to CART+PR versus
PR alone (usual care), using a 2:1 ratio, to gain more experi-
ence with the CART intervention.19,20 All participants com-
pleted an informed consent form before study participation.

Recruitment was over a 10-month period from August
2018 through July 2019. To improve study internal validity,
subjects met the following a priori inclusion criteria: (1)
over 40 years of age; (2) had COPD as defined by Forced
Expiratory Volume in 1 second (FEV1)/Forced Vital Capacity
(FVC) of <0.70 on spirometry; (3) were medically cleared to
participate in PR; and (4) spoke English. Exclusion criteria
were: (1) required 24-h supplemental oxygen, SpO2 (because
SpO2 can increase CO2 in stable COPD21); (2) scored £23/30
on the Mini Mental State Examination (MMSE);22 (3) were
being actively treated for cancer; (4) had morbid obesity (body
mass index >40) that negatively impacts the mechanics of the
chest wall and lungs;23 (5) were current smokers as tobacco
smoke increases upper airway symptoms such as rhinosinu-
sitis);24,25 and (6) had unstable cardiac disease limiting exer-
cise safety.

Random allocation to treatment group was concealed for
exercise stress tests (cardiopulmonary exercise testing
[CPET]) and physiological measures to avoid bias.26 Parti-
cipants were paid $25 to complete each of two assessments
for a total of $50. This study was registered at Clinical-
trials.gov (NCT03457103).

Acceptability of CART was also evaluated through semi-
structured exit interviews, and these results were reported
elsewhere.27 Acceptability, which is a component of feasi-
bility,28 was defined as the ‘‘perception among patients that
a given treatment, was agreeable, palatable, or satisfacto-
ry.’’29,p.67 Qualitative data supported the acceptability of
CART based on patient perceptions and themes generated.27

Breathing intervention (CART)

CART is described in detail elsewhere.27 CART consisted
of six, 1 h weekly sessions over 6 weeks. Its essential
components included 10 core breathing exercises, capno-
graphy biofeedback for entire session duration including
interview (Fig. 1), brief motivational counseling,30 and a
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home program (Table 1). Brief motivational interviewing
included open-ended questions, affirmations, reflections, and
summaries as time permitted in sessions to promote change
talk and a collaborative therapeutic relationship (especially
to conduct the initial interview, set session agendas, and
homework goals, and to discuss discharge planning).

Participants recorded their tailored home exercises and
symptoms on an Exercise Log and Symptom Tracker and
measured their heart rate (HR) and oxygen saturation with a
pulse oximeter, to record and track their progress (Fig. 2); at
least 5 min of homework breathing exercises were encour-
aged, a minimum of 4 days per week to promote lifestyle
change. After the evaluation session, each session began by
reviewing progress with homework. CART was delivered
on the same day and in coordination with standard PR visits.

Author A.M.N., a PR clinician (an occupational therapist
trained in mindfulness-based stress reduction and breathing
behavioral analysis and capnography) developed and im-
plemented CART. In-person, individual therapy targeted
slower, more eucapnic, and self-regulated breathing, efficient
recovery from physical challenges,31–33 improved intero-
ceptive function34,35 (‘‘the sense of the internal physiological
condition of the body),’’36,p.971 and physical activity en-
gagement. Core breathing exercises targeted identifying and
reducing dysfunctional breathing habits and abnormal
ETCO2 levels (biomedical risk factor).

In particular, exercises emphasized learning more func-
tional breathing habits, extending expiratory time, optimiz-
ing respiratory pump biomechanics (e.g., correcting
asynchronous motion of the chest wall), mindful awareness
of breathing, and awareness of symptoms of abnormal
ETCO2 levels. Tailoring focused on addressing each par-
ticipant’s specific dysfunctional breathing habits and dys-
pnea triggers. CART capnography biofeedback (Capno
Trainer; Better Physiology, Cheyenne, WY) in-session
provided continuous, real-time visual biofeedback of
ETCO2, respiratory rate (RR), and airflow (e.g., evenness of
volume and breath duration) to guide tailoring of exercises,
monitor exercise response and progress, and promote posi-
tive reinforcement and targeted nudging of more self-
regulated breathing.

Biofeedback also provided a simplified visual of breath-
ing physiology to promote learning. Slow, self-regulated,
eucapnic breathing was promoted first at rest before intro-
ducing tailored, £5-min physical activity challenges in later
sessions. Fundamental to CART was motivational inter-
viewing, a patient-centered counseling style, to collabora-
tively set goals and motivate behavior change.37 The home
program consisted of tailored, slow breathing, and mindful
exercises, facilitated by audio files of therapist-guided
breathing exercises and an exercise log; the Breathing Well�
app was also introduced.

FIG. 1. CART breathing exercise log and symptom tracker. CART, capnography-assisted respiratory therapy.
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CART fidelity (‘‘the extent to which a new treatment is
successfully carried out within a given setting’’)38,p.69 was
optimized by the development of a standardized protocol
(manual), which included a session outline and timeline to
minimize intervention drift.39 The therapist’s motivational
interviewing training entailed 10 h of training (an 8-h online
course and a 2-h live workshop) with Motivational Inter-
viewing Network of Trainers (MINT)-certified trainers.
Author L.E.-J. also monitored motivational interviewing
fidelity using the Motivational Interviewing Treatment
Integrity-440 by reviewing and scoring three random session
transcripts.

CART therapist’s monitoring of participants’ breathing
behaviors and exercise performance (i.e., in-session obser-
vations of exercise response with biofeedback and review of
homework logs each session) helped to ensure optimum
receipt of treatment dose.39 Exercise logs and motivational
interviewing also helped to optimize and monitor enactment
of new breathing behaviors and exercises into participants’
daily routines.39

Pulmonary rehabilitation

All participants received a 10-week (16–20 sessions)
center-based PR program, consisting of twice weekly 1-h

exercise training (aerobic conditioning and upper body
strengthening) sessions using gym exercise equipment,
pursed lips breathing instruction (without biofeedback), and
tailored self-management education implemented by phys-
ical therapists as part of routine, standard care. Initial ex-
ercise intensity was tailored based on baseline six-minute
walk test and CPET. Supplemental oxygen was provided as
prescribed and needed to optimize exercise training. Parti-
cipants were enrolled into PR on a rolling basis.

Measures

The primary outcome was feasibility. We defined feasi-
bility as ‘‘the extent to which a new treatment can be suc-
cessfully used or carried out within a given setting as
reflected in recruitment, retention, and participation
rates.’’29,p.69 Our a priori benchmarks for feasibility were a
mean CART session completion of 70% and mean CART
homework exercise completion of 70% of days on CART
program. CART homework completion feasibility bench-
mark was calculated based on expectation of 4 days per
week and a 6-week duration.

Secondary outcomes included CPET minutes walked us-
ing the Naughton protocol and a treadmill,41 six minute
walk test distance (6MWD),42 St. George’s Respiratory

Table 1. Capnography-Assisted Respiratory Therapy Core Breathing Exercises

in Combination with Capnography Biofeedback

Session titles Core exercises introduced in each session

(1) Introducing the Mind–Body
Connection and Biofeedback

Ribcage stretches coordinated with the exhale (in all six sessions).71

(2) Completing the Out-Breath Tongue maneuver to promote closed-mouth, nasal breathing.72

Breath counting. Participant is instructed to breathe ‘‘in, out, and pause’’ to
count one breath, and so on, until they count five breaths.

Slow, nasal breathing awareness in relief (recovery) postures (e.g., beach pose;
forward leaning, first in standing and then in sitting, with arms supported).73

Brief (£3 min) mindful breathing exercises using scripts and Address Stress
app.74,75 Mindfulness exercises involved guiding participants to ‘‘pay
attention to their breath and breathing mechanics on purpose, in the present
moment, nonjudgmentally’’76, p.91 without forcing the breath, while in
recovery (semi-reclined) postures.

(3) Pausing After the Out-Breath Control pause.31 Gentle breaths in and out through the nose at rest, followed
by a pause at the end of the exhalation. Participant counts the length of the
pause between breaths to become aware of the transition between breaths.

Diaphragmatic breathing.77 Participant notices ‘‘pump handle’’ and ‘‘buckle
handle’’ movements of the ribcage at rest in recovery postures that optimize
breathing mechanics. Manual touch and TheraBand may be used to
facilitate awareness.

(4) Becoming Aware of Breath
Volume & More Rhythmical
Breathing

Volume-regulated breathing to promote eucapnic breathing to address
overbreathing or underbreathing.33 Reduced-volume breathing involves
taking lighter, softer, quieter breaths in and out through the nose (or in
through the nose and out through pursed lips). Increased-volume breathing
involves taking slower breaths, prolonging both the inhalation and
exhalation, and optimizing breathing mechanics and posture.

Pursed-lips breathing with physical challenge (£5 min).78

(5) Expanding Breath Awareness
& Releasing Tension

Humming (resistance breathing) at rest and then with physical exertion to self-
selected music.79,80

Slow, nasal breathing awareness in recovery posture(s)—with or without a
cognitive challenge.73

(6) Self-regulating the Breath
in Daily Life

Further practice and review of core breathing exercises introduced in previous
sessions.
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Questionnaire (SGRQ),43,44 Chronic Respiratory Disease
Questionnaire (CRQ) Mastery,45,46 Dyspnea Management
Questionnaire (DMQ)–Dyspnea Anxiety,47 isotime RR and
ETCO2 in mmHg with CPET, and Borg rate of perceived
exertion (RPE) Scale.48 Borg dyspnea-CPET was used as a
measure of anticipatory anxiety.

Secondary measures also included Patient-Reported
Outcomes Measurement Information System (PROMIS)-
3649,50 physical function, anxiety, depression, sleep distur-
bance, fatigue, and satisfaction with participation in social
roles; moderate to vigorous physical activity (MVPA),51,52

Generalized Anxiety Disorder Scale (GAD-7) symptoms,53

Self-Evaluation of Breathing Questionnaire (SEBQ)54—a
measure of dysfunctional breathing symptoms, and PR
program adherence (number of sessions completed).

Statistical analysis

We first described descriptive data. We then estimated the
mean change and variances for primary and secondary
outcomes. The paired t test was used to evaluate within-
group intervention differences (pre-intervention to post-PR
intervention) at 10 weeks. The Cohen’s d effect sizes for
within-group differences were also reported. Analyses were
performed using R 4.0.3 with significance set at p < 0.05.
Consistent with a feasibility trial, between-group compari-
sons were not calculated.55,56

Results

Thirty-one participants with mild-very severe COPD en-
rolled in the study (Fig. 2). The demographics of the sample
were 58.1%, were female with a mean (standard deviation
[SD]) age of 72 (9.5); the sample was 77.4% Caucasian,
22.6% African American, and 9.7% Hispanic (Table 2).
Overall, 67.7% had >high school education. A majority
(79%) of our sample had symptomatic, moderate-severe
COPD.57 GAD-7 anxiety screening at baseline showed that
32.3% of participants had anxiety symptoms (score of >5);
30.8% were taking anti-anxiety or antidepressant medica-
tions for psychological distress.

Completion of CART sessions was 73.5% overall (n = 22),
and attendance was 100% for participants who also com-
pleted all PR sessions (n = 13): Table 3. Mean (SD) number
of days of completing CART homework exercises per par-
ticipant was 22.08 (8.01), which represented a homework
adherence of 91.7%. These CART implementation results
exceeded our pre-established feasibility benchmarks.

The mean number of PR sessions completed was 14.14
(7.37) for CART+PR and 11.44 (9.81) for PR-alone (n = 31).
Participants completed 22 days of homework exercises
while on CART program (an adherence of 91.7%). Partici-
pants were willing to be randomized; there were no dropouts
based on group assignment. PR dropout rate (for treatment
starters) was 27.3% for PR+CART versus 55.6% for PR-
alone, p = 0.218. PR dropout was due to illness (n = 2),

FIG. 2. CONSORT flow diagram. CART, capnography-assisted respiratory therapy; CONSORT, Consolidated Standards
of Reporting Trials; PR, pulmonary rehabilitation.
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hospitalizations (n = 2), family emergency (n = 1), PR ad-
verse events (n = 2), and insufficient interest (n = 3). Se-
venteen of 31 (55%) participants completed PR overall in
both groups (i.e., they completed all prescribed 17–20 PR
sessions); n = 31.

CART+PR within-group effect sizes for exercise and re-
spiratory outcome measures were moderate to large (0.51–
1.22) for reduction in Borg dyspnea-CPET, exercise duration
(total minutes walked, CPET), and isotime RR (submaximal
CPET exercise, Naughton protocol, Phase I only); p < 0.05:

Table 4. The 6MWD within-group mean improvement of
39.4 m for CART+PR was clinically significant (>30 m),58

and it represented a small–moderate effect (0.43), p = 0.01.
Small CART+PR effect sizes (0.29–0.41) were also ob-

tained for improved (higher) ETCO2 at rest during sub-
maximal exercise phases I–II during CPET and HRmax
(fitness), p > 0.05. Effect sizes were moderate to large for
reducing RR with submaximal exercise (phases I and III) in
CART+PR; p = 0.014–0.09. Similar reductions in RR were
seen in the PR-alone group (n = 2).

Table 2. Baseline Characteristics of Participants

PR alone CART+PR Overall

N 9 22 31
Gender—female (%) 4 (44.4) 14 (63.6) 18 (58.1)
Age, mean (SD) 71.44 (7.26) 72.82 (10.45) 72.42 (9.54)
Home oxygen use—yes (%) 2 (22.2) 4 (18.2) 6 (19.4)
Post-FEV1/FVC ratio, mean (SD) 0.52 (0.12) 0.52 (0.14) 0.52 (0.13)
Post-FEV1, L, mean (SD) 1.21 (0.38) 1.44 (0.71) 1.37 (0.64)
Post-FEV1, % predicted, mean (SD) 47.42 (13.44) 55.50 (24.51) 53.27 (22.09)
Post-FVC, L, mean (SD) 2.31 (0.52) 2.62 (0.90) 2.54 (0.82)
COPD severity (%)

Mild 1 0 (0.0) 4 (19.0) 4 (13.8)
Moderate 2 3 (37.5) 8 (38.1) 11 (37.9)
Severe 3 4 (50.0) 8 (38.1) 12 (41.4)
Very severe 4 1 (12.5) 1 (4.8) 2 (6.9)

mMRC dyspnea, mean (SD) 4.11 (1.05) 3.50 (1.01) 3.68 (1.05)
Smoking pack-years, mean (SD) 57.34 (37.79) 38.09 (26.76) 43.59 (30.87)
Currently smoking—yes (%) 0 (0.0) 0 (0.0) 0 (0.0)
BMI, kg/m2, mean (SD) 25.30 (6.71) 27.19 (5.46) 26.64 (5.80)
Exacerbation in previous year—yes (%) 5 (55.6) 8 (36.4) 13 (41.9)
Exacerbation in previous year, n, mean (SD) 2.60 (1.52) 4.00 (3.70) 3.46 (3.04)
Congestive heart failure comorbidity—yes (%) 0 (0.0) 4 (18.2) 4 (12.9)
Married (%) 4 (44.4) 8 (36.4) 12 (38.7)
Hispanic (%) 0 (0.0) 3 (13.6) 3 (9.7)
African American 2 (22.2) 5 (22.7) 7 (22.6)
Caucasian (%) 7 (77.8) 17 (77.3) 24 (77.4)
>High school (%) 7 (77.8) 14 (63.6) 21 (67.7)
Taking anxiety or depression medication—yes (%) 3 (37.5) 5 (27.8) 8 (30.8)

Means (SDs) are presented for continuous variables; frequencies (%) are presented for categorical variables.
BMI, body mass index; CART, capnography-assisted respiratory therapy; COPD, chronic obstructive pulmonary disease; FEV1, forced

expiratory volume in 1 second; FVC, forced vital capacity; mMRC, modified Medical Research Council; PR, pulmonary rehabilitation; SD,
standard deviation.

Table 3. Intervention Adherence

PR n CART+PR n p

N 9 22
Time to complete PR (weeks) 13.25 (4.57) 4 11.08 (1.98) 13 0.18
Time to complete PR (days) 94.75 (31.06) 4 79.15 (14.52) 13 0.172
Number of PR sessions 11.44 (9.81) 9 14.14 (7.37) 22 0.409
Drop-out (%) 6 (66.6) 9 9 (40.9) 22 0.365
Drop-out before PR assessment (%) 0 (0.0) 9 0 (0.0) 22 1.000
Drop-out after PR assessment (%) 2 (22.2) 9 1 (4.5) 22 0.184
Drop-out after commencing PR (%) 5 (55.6) 9 6 (27.3) 22 0.218
Drop-out after commencing CART (%) — 0 4 (18.2) 22 —
CART sessions completed, n — 0 4.41 (2.42) 22 —
CART sessions, % — 0 73.48 (40.39) 22 —
CART HEP (days of home exercise), n — 0 22.08 (8.01) 12 —

Means (SDs) are presented; n is the number of patients with available data. The two-sample t test was used.
CART, capnography-assisted respiratory therapy; HEP, home exercise program; PR, pulmonary rehabilitation; SD, standard deviation.
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Within-group CART+PR effect sizes and improvement
were small to large (0.35–0.76) for clinical outcomes that
included reduced respiratory symptoms and improved
quality of life (SGRQ symptoms, impacts and total); re-
duced Dyspnea Management questionnaire Computer
Adaptive Test dyspnea anxiety; and improved generic
PROMIS quality of life (less PROMIS fatigue, sleep dis-
turbance, and improved physical function), and increased
MVPA, p < 0.05 (Table 5).

The CART+PR’s effect sizes for CRQ Mastery, and
PROMIS Anxiety and Depression were small (0.2–0.31),
p > 0.05. The within-group difference for the SEBQ post-
intervention for CART+PR approached significance,
p = 0.06, signaling that CART may improve dyspnea by
improving breathing mechanics and awareness.

Discussion

This is the first study to investigate the feasibility and
explore preliminary empirical support for multi-component
CART in adults with COPD. A strength of our study was
that it included physiological measurements of ETCO2 and
RR as endpoints to measure change in ventilation post-
intervention. A main finding from this pilot feasibility study
was that CART attendance rate was high at 74%, exceeding
our a priori feasibility benchmark of 70% (n = 22). Although
too preliminary to reliably test, a higher percent of patients
in the CART group (72.7%) completed PR versus 44.4% of
those in the PR only group, suggesting that a larger powered
study may find that CART enhances engagement in PR and
reduces PR attrition.

Participants in CART+PR completed PR 2 weeks faster
on average than PR alone (n = 17), which may be clinically
significant for improved PR cost-effectiveness and capacity,
and increased exercise training intensity. CART may im-
prove the ability to persevere with standard PR. Consistent
with prior literature demonstrating challenges with PR use
and low completion,13,59 less PR dropout in CART+PR is
notable. Although a 55.6% PR dropout after commencing
the program seemed unexpectedly high in the PR-alone
group, it is reflective of a clinically significant problem of
low rate of PR use and poor patient compliance in COPD.60

Our study findings provided preliminary signals that
CART may successfully augment PR clinical outcomes,
especially increased CPET exercise walking minutes and
decreased respiratory (SGRQ) symptoms and anticipatory
dyspnea-anxiety (Borg dyspnea-CPET at rest), with large
within-group Cohen d effect sizes, p < 0.05. Similarly, a
systematic review of 16 breathing studies for COPD found
that breathing exercises of 4–15 weeks improved exercise
capacity compared with no intervention.61 CART+PR also
showed a large effect for increased self-reported physical
activity (MVPA) post-intervention. Preliminary feasibility
and efficacy signals support progression to future research to
further investigate CART in a Phase II randomized trial.62

The CART+PR within-group effect size of 1.22 for re-
duction in resting Borg dyspnea-CPET (a measure of antici-
patory anxiety) was the greatest level of improvement in
clinical outcomes. CPET, which is a treadmill-paced exer-
cise stress test, appeared to be a sensitive provocative test of
anticipatory anxiety in COPD. Considering approximately a
third of the participants reported symptoms of psychological
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distress, CART may address worse PR outcomes and limited
anxiety treatment options for adults with COPD and co-
morbid anxiety.

Similarly, a systematic review of 13 randomized clinical
trials (RCTs) of group-based mind–body exercises (Tai Chi,
qigong, and yoga), with a focus on the breath, found that
these exercises reduced anxiety and depression in adults
with COPD compared to usual care.63 Results of subgroup
analyses for anxiety found 24 weeks of group yoga and
qigong sessions an optimal dose to improve symptoms,
which is a significantly longer intervention and greater
‘‘dose’’ than CART’s 6-week duration. This meta-analysis
found effect sizes of 0.60–0.91 for anxiety and depression
reduction.

Compared with other mind–body exercises, CART is in-
novative because it: (1) uses an individual (rather than a group)
format, (2) combines biomechanical strategies with tailored
breathing exercises that can be easily performed at home, (3)
uses biofeedback technology to display psychophysiology to
reinforce breathing regularity and confidence for greater ap-
peal, and (4) incorporates motivational strategies37 that syn-
ergistically optimize long-term behavior change.

The preliminary findings add support for the conceptual
framework of CART. Underlying CART is the hypothesis
that dyspnea and anxiety are linked by irregular levels of
CO2 and dysfunctional breathing habits. Unlike the PR-
alone group, a trend and small 0.29–0.39 effect size of
improved (increased) mean ETCO2 (at rest and with sub-
maximal exercise) was seen in the CART+PR group,
p > 0.05. We also found a 3.15 unit improvement in the
SEBQ, indicating a 0.5 (moderate) effect size and im-
provements in symptoms associated with dysfunctional
breathing behaviors ( p = 0.06).

These signals perhaps indicate that participants in CART
unlearned dysfunctional breathing behaviors and improved
the efficiency of their breathing when challenged. Reduc-
tions in RR with submaximal CPET exercise were seen in
both treatment groups, indicating improved exercise toler-
ance (physical fitness). A slower RR may decrease dynamic
hyperinflation of the lungs in COPD to relieve dyspnea.64

RR reductions in the CART+PR group were moderate to
large effect sizes (0.66–0.87) with submaximal exercise;
p = 0.014–0.093.

A significant body of literature supports that CO2 is a
biomarker of a dysfunctional, inefficient breathing pattern.32

CO2 hypersensitivity is also a known biomarker (trait) of
anxiety disorders.65 Consistent with the literature, partici-
pants with COPD in the sample had lower resting and ex-
ertional ETCO2 (hypocapnic) values.33

CART may potentially augment a PR training effect by
improving breathing efficiency and self-efficacy, and re-
lieving dyspnea anxiety. CART may alleviate symptoms of
hypocapnia by motivating patients to unlearn underlying
dysregulated breathing habits (e.g., hyperventilation, open-
mouth breathing, breath holding) and recover more quickly
from physical exertion to relieve breathing discomfort and
distress.

These potential benefits of CART may help participants
persevere with exercise training (PR) and dyspnea-
provoking activities.27 A more functional, efficient breath-
ing patterns learned in CART may have downstream effects
on physical activity levels by reducing activity avoidance.

Consistent with preliminary study findings, complemen-
tary benefits of mind–body breathing exercises integrated
with PR are supported in the literature. A systematic review
of 10 mind–body therapies (e.g., controlled breathing, fo-
cused attention, and/or meditation interventions) provided
preliminary support for mind–body adjunctive interventions
augmenting short form health survey-36 quality of life
general health and mental health scores in COPD compared
with PR alone.66 Given the low-to-very low quality of
available evidence, inconsistencies in definition of PR,
however, augmentative effects of mind–body therapies to
PR still remain uncertain.

Lessons learned

There were several lessons learned from this feasibility
study. The assessment battery, which took *1–3/4 h to
complete, was well tolerated by participants. Recruitment
was impacted by lower-than-expected referral of patients
with COPD to PR. Therefore, future studies will need to
improve partnerships with referring physicians to increase
the pool of eligible patients. This study provided empirical
support for the importance and value of using CPET for
measuring dyspnea, anxiety, and ETCO2 in breathing therapy
clinical trials. Based on comparative effect sizes, total exercise
duration with CPET may be a better primary clinical outcome
than 6MWT in a future efficacy trial of CART.

We found a high prevalence of anxiety symptoms (31%–
32%) based on the GAD-7 and use of prescribed anti-
anxiety or antidepressant medications in our sample. Given
the prevalence of dyspnea-related anxiety in COPD, it may
be valuable to include additional measures of dyspnea-
related anxiety (such as dyspnea-related distress67 and An-
xiety Sensitivity Index68) to better characterize and target
this patient group and comorbidity in a future study. Given
that interoceptive dysfunction is a hypothesized behavioral
risk factor targeted by CART, a specific measure of
breathing interoception such as the Multidimensional As-
sessment of Interoceptive Awareness34 could be included in
a future pilot study of CART and considered as a potential
stratification variable.69

PR dropout was a barrier to CART completion. To im-
prove feasibility of a future trial of CART, a phased inter-
vention approach (i.e., offering CART as a transitional
program before PR) could be considered. A phased ap-
proach may facilitate the study of individual CART com-
pletion rates and effects on clinical endpoints and PR
engagement. Offering CART before PR may be a more
critical time point for delivering this intervention. We also
recommend including anxiety symptoms as an inclusion
criterion to improve the potential impact of CART.

Participants were inconsistent with filling out the paper
log. Therefore, we plan to use an electronic device and app
to measure RR for objective home exercise program ad-
herence monitoring and quality checks in a future CART
study. Participants found attending CART and standard PR
sessions on the same day convenient. They expressed pre-
ferring CART sessions to be scheduled just before their PR
appointments, when they had more energy. CART adher-
ence was optimized by offering flexibility in scheduling; the
six CART sessions were not always scheduled on consec-
utive weeks, or the first part of standard PR. CART was
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feasibly implemented using existing outpatient PR space,
and it was optimized by using a separate, private, and rel-
atively quiet space.

Limitations

We did not control for additional attention given in the
CART+PR treatment group compared with the usual care
PR-alone group. Because of the small sample size, caution
should be used in interpreting Cohen’s d effect sizes. The
individual benefits of CART alone could not be estimated.
Although randomization was 2:1, because of the small
sample size, more participants were randomized to the in-
tervention group creating a greater imbalance in groups.

However, the purpose of this feasibility trial was not to
compare the efficacy of CART or engagement in PR be-
tween groups55 but to test proof-of-concept and identify
early signals of CART to determine whether further pilot
testing and a future efficacy trial are indicated.17 A limita-
tion of the study was high study dropout rates and missing
re-evaluation data. To reduce study dropout rates in a future
study, employment of more retention strategies, greater staff
time focused on optimizing participant engagement (e.g.,
offering flexibility in study visits and sending monthly
newsletters), and a higher monetary incentive could be
helpful to improve feasibility of a future RCT.70

Although CART was standardized, its fidelity was not
formally monitored. More studies of the fidelity and optimal
timing, dose, value of booster sessions of CART (separate
and in combination with PR), as well as closer monitoring of
any changes in medication (e.g., rescue medication or anti-
depressant) use over the course of the study are needed.

Conclusion

CART adherence success benchmarks (i.e., ‡70% session
completion and days of homework exercises logged) were met,
further strengthening available qualitative evidence, to support
progression of CART research in adults with COPD. The re-
sults also showed signals of efficacy of CART (especially for
6MWD meters, CPET total minutes, and Borg dyspnea pre-
CPET), supporting further optimization and testing of CART.
CART addresses an important need to optimize dyspnea
treatment and reduce risk of PR non-adherence.

CART is an innovative, patient-centered, breathing therapy
that targets self-regulated, eucapnic breathing for relief of
dyspnea and related anxiety in COPD. By promoting un-
learning of dysfunctional breathing habits and optimizing self-
efficacy for managing symptoms, CART may improve dys-
pnea treatment, prevent PR dropouts, and address disparities in
PR outcomes for those with higher anxiety. Lessons learned in
this feasibility study may assist with designing a full-scale
efficacy trial of CART and other mind–body interventions.

Additional research of the optimal timing (during vs.
before a PR program) and dose of CART is needed. Timing
CART as a steppingstone and transitional intervention for
PR may enable both individual and augmentative effects of
CART to be evaluated in a future study.
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