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Abstract

The evaluation of dyspnea and its responsiveness to therapy in COPD should 

consider the multidimensional nature of this symptom in each of its sensory-

perceptual (intensity, quality), affective and impact domains. To gain new insights 

into mechanisms of dyspnea relief following pulmonary rehabilitation (PR), we 

examined effects on the major domains of dyspnea and their interaction with 

physiological training effects. This randomized, controlled study was conducted 

in 48 subjects with COPD. Subjects received either 8-weeks of PR or usual care 

(CTRL). Pre- and post-intervention assessments included: sensory-perceptual 

(i.e., exertional dyspnea intensity, dyspnea descriptors at end-exercise), affective 

(i.e., intensity of breathing-related anxiety during exercise, COPD self-effi cacy, 

walking self-effi cacy) and impact (i.e., activity-related dyspnea measured by the 

Baseline/Transition Dyspnea Index, Chronic Respiratory Questionnaire dyspnea 

component, St. George’s Respiratory Disease Questionnaire activity component) 

domains of dyspnea; functional performance (i.e., 6-minute walk, endurance 

shuttle walk); pulmonary function; and physiological measurements during 

constant work rate cycle exercise at 75% of the peak incremental work rate. 

Forty-one subjects completed the study: PR (n = 17) and CTRL (n = 24) groups 

were well matched for age, sex, body size and pulmonary function. There were 

no signifi cant between-group differences in pre- to post-intervention changes in 

pulmonary function or physiological parameters during exercise. After PR versus 

CTRL, signifi cant improvements were found in the affective and impact domains 

but not in the sensory-perceptual domain of dyspnea. In conclusion, clinically 

meaningful improvements in the affective and impact domains of dyspnea occurred 

in response to PR in the absence of consistent physiological training effects.
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Introduction

Dyspnea, or perceived respiratory discomfort, is a common symptom in 
COPD and contributes to activity limitation and poor health status (1,2). 
Pulmonary rehabilitation (PR) programs incorporating exercise training 
and structured self-management instruction have been shown to eff ectively 
alleviate dyspnea but the underlying mechanisms of improvement are multi-
factorial and are poorly understood (3–6).

Th e complex and multidimensional nature of dyspnea was carefully 
reviewed in the 1999 American Th oracic Society consensus statement (7). 
It has been re-emphasized in the more recent statement which distinguishes 
three major domains: 1) sensory-perceptual experience (what breathing feels 
like); 2) aff ective distress (how distressing breathing is); and 3) symptom 
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impact or burden (how dyspnea aff ects functional ability 
and health status)(8). Th is new model has the potential 
to provide new insights into the mechanisms of dyspnea 
relief following PR and to help refi ne future manage-
ment strategies. 

Dyspnea relief following exercise training has its 
basis in both psychological and physiological mecha-
nisms (5,6,9,10). Desensitization to dyspnea-related fear 
and anxiety, increased self-effi  cacy, improved emotional 
functioning and coping skills are all thought to be fun-
damental contributors (10,11). Physiological training 
eff ects are also potentially important but are not uni-
versally achieved in PR programs for COPD. Previous 
studies have reported highly variable and often incon-
sistent improvements in respiratory function after train-
ing, which include: modest reduction (~3–5 L/min) in 
ventilation as a result of improved oxidative capacity 
of skeletal muscles; slower breathing pattern; reduced 
dynamic lung hyperinfl ation; and increased strength or 
endurance of the respiratory muscles (3,5,12–18). 

Th e aim of this study was to determine the relative 
importance (and interaction) of psychological and 
physiological adaptations to training and their contribu-
tion to improvement in dyspnea and its main domains. 
Our hypothesis was that the extent of improvement in 
the aff ective distress and impact domains of dyspnea 
following PR would be closely linked to improvements 
in respiratory physiology (e.g., ventilation, breathing 
pattern and operating lung volumes) and, thereby, the 
sensory-perceptual (intensity and quality) domain. 
Th us, patients with COPD who were on optimal phar-
macotherapy were randomized to either 8-weeks of PR 
(with multimodality exercise training) or usual care. 
We evaluated the impact of PR and usual care on the 
sensory-perceptual, aff ective and impact domains of 
dyspnea, and examined their association with various 
physiological training eff ects. 

Methods

Subjects
Subjects included patients with COPD who were referred 
to the outpatient pulmonary rehabilitation program at 
Providence Care, Kingston, Ontario, Canada (affi  liated 
with Queen’s University and the local academic hospi-
tals). Subjects were 40-80 years of age, had signifi cant 
activity-related breathlessness (Baseline Dyspnea Index 
≤ 8) (19), were on optimal pharmacotherapy in accor-
dance with best practice recommendations (20), and 
were clinically stable in the preceding 4 weeks. Exclusion 
criteria included: presence of other signifi cant comor-
bidities that might contribute to dyspnea or exercise 
limitation; use of supplemental oxygen; or body mass 
index < 18 or > 40 kg/m2.

Study design
Th is was a randomized, controlled study (ClinicalTrials.
gov Identifi er: NCT01513616) in which subjects were 

assigned to either an 8-week pulmonary rehabilitation 
program (PR) or a usual care control group (CTRL). Ethi-
cal approval was received from Queen’s University Health 
Sciences and Affi  liated Teaching Hospitals Research Eth-
ics Board (DMED-986-06) and all subjects gave informed 
consent. After completion of the study, CTRL subjects 
were off ered participation in the PR program. 

In an initial screening visit, subjects completed pul-
monary function tests, were familiarized with all test-
ing procedures and symptom scales, and performed an 
incremental cycle exercise test. Experimental visits con-
ducted immediately before and after the 8-wk interven-
tion period included: symptom-related questionnaires, 
pulmonary function tests, tests of functional ability and 
a constant-work rate (CWR) cycle exercise test with 
detailed physiological measurements. Prior to testing, 
subjects used their respiratory medications as usual but 
withdrew short-acting bronchodilators for 6 h. All visits 
were conducted at the same time of day for each subject. 

Interventions
As part of the standard practice at our institution, all 
patients referred to the pulmonary rehabilitation program 
fi rst met with a COPD Nurse Practitioner who provided 
individualized COPD counselling, education and an 
action plan for management of exacerbations. On aver-
age, the time spent with each patient was 60–90 minutes.

Pulmonary rehabilitation program (PR)
PR consisted of three supervised 2.5-hour sessions per 
week over an 8-week period. Sessions included gradu-
ated exercise training for upper and lower limbs, i.e., 
walking on treadmill and in corridor, cycle ergometer, 
arm ergometer, strength/resistance exercises for upper 
and lower limbs, and mobility exercises. Subjects worked 
at their highest attainable work rate for the longest toler-
able duration by targeting at least a “moderate” intensity 
of breathing discomfort on the modifi ed 10-point Borg 
scale (21). Th e standardized educational portion of the 
program consisted of weekly information sessions using 
the “Living Well with COPD” self-management educa-
tion modules (Boehringer Ingelheim Canada, Burling-
ton, Ontario; www.livingwellwithcopd.com, password: 
copd) (22). Topics included: COPD information; breath-
ing techniques; preventing and controlling symptoms; 
managing emotions and stress; proper use of medica-
tions and inhalation devices; and maintaining a healthy 
lifestyle. 

Usual medical care (CTRL)
CTRL subjects received instructions about how best to 
manage their disease and were provided with standard 
access to treatment in the event of an exacerbation. Th ey 
were also off ered the “Living Well with COPD” program. 

Procedures
Pulmonary function tests and symptom-limited cycle 
exercise tests were conducted with a cardiopulmonary 
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testing system (Vs62j body plethysmograph and 
Vmax229d; SensorMedics, Yorba Linda, CA, USA) as 
previously described (23). Th e incremental exercise test 
consisted of stepwise increases in work rate of 10W/min. 
CWR exercise tests were conducted pre-intervention 
(in duplicate) and post-intervention and consisted of a 
1-minute warm-up followed by an increase in work rate 
to 75% of the maximum incremental work rate; endur-
ance time was defi ned as the duration of loaded ped-
aling. Breath-by-breath metabolic, cardiopulmonary 
and breathing pattern parameters were collected via 
mouthpiece. Operating lung volumes were derived from 
dynamic inspiratory capacity (IC) (24). Subjects rated 
the intensity of dyspnea (“how strong is your breathing 
discomfort?”), breathing-related anxiety (“how anxious 
are you about your breathing discomfort?”) and leg 
discomfort at rest, every minute during exercise and 
at end-exercise using the 10-point Borg scale (21). At 
exercise cessation, subjects were asked about their main 
reason(s) for stopping exercise and completed a dyspnea 
descriptor questionnaire (25).

Functional tests performed pre-intervention (in 
duplicate) and post-intervention included: the 6-min-
ute walk test (6MWT) (26); and the endurance shuttle 
walk test (ESWT) which was conducted after duplicate 
incremental shuttle walk tests (27,28). Peripheral muscle 
strength was evaluated during isometric knee extension 
with a fi xed dynamometer. 

Disease-specifi c health status was evaluated with the 
St. George’s Respiratory Questionnaire (SGRQ) and 
the Chronic Respiratory Questionnaire (CRQ) (29,30). 
Anxiety and depression were measured with Hospital 
Anxiety and Depression Scale (HADS) (31). Subjects’ 
confi dence in walking various distances was assessed 
with a 6-minute walk self-effi  cacy questionnaire (32). 

Dyspnea evaluation
Measurements collected within each dyspnea domain 
are summarized in Table 1. Dyspnea intensity was eval-
uated during CWR cycle testing and at the end of the 
6MWT and ESWT with the 10-point Borg scale (21). 

Subjects were also asked to describe their sensation of 
dyspnea at end-exercise using a descriptor question-
naire (25). Intensity of breathing-related anxiety was 
rated during CWR cycle testing, as noted above (10). 
Th e COPD Self-Effi  cacy Scale (CSES) was used to assess 
subjects’ confi dence in managing breathing diffi  culty 
in a given situation (33). Activity-related dyspnea was 
assessed using the Baseline Dyspnea Index (BDI) (19), 
the Medical Research Council (MRC) dyspnea scale 
(34), the SGRQ activity component (29), and the CRQ 
dyspnea component (30). Pre- to post-intervention 
changes in activity-related dyspnea were also assessed 
with the Transition Dyspnea Index (TDI) (19).

Statistical analysis
A sample size estimation of 20 per group was based on 
dyspnea intensity ratings measured previously in our 
laboratory (5), a relevant diff erence in Borg ratings of 
±1, α = 0.05, 80% power and a two-tailed test of signifi -
cance. Results are presented as means ±SD. Between-
group comparisons of baseline subject characteristics 
were performed using unpaired t-tests. A repeated mea-
sures analysis of variance (ANOVA) was performed to 
evaluate changes over time (pre- and post-intervention); 
the group by time interaction term in this analysis was 
used to test if pre-post changes were diff erent between 
the two groups. To simplify further analysis, in particu-
lar for those variables with a signifi cant group by time 
interaction in the repeated measures ANOVA, paired 
t-tests were applied to evaluate the pre-post changes 
within groups. All statistical tests used a p < 0.05 level 
of signifi cance. Inter-relationships between pre- to post-
intervention changes were analyzed using Pearson’s cor-
relations. Analyses were performed using PASW statis-
tics version 18 (SPSS Inc.; Chicago, IL) or Systat 8.0 for 
Windows (Systat Software, Inc.; Chicago, IL). 

Results

A signifi cant proportion of patients referred to the pul-
monary rehabilitation program were not eligible for the 

Table 1. Domains of dyspnea measurement

Domain     Defi niti on Measurements

Sensory-perceptual experience What breathing feels like •  Intensity ratings (Borg scale) of dyspnea during 
a standardized physical task, i.e., CWR cycle

•  Intensity ratings (Borg scale) of dyspnea at the 
end of CWR cycle, 6MWT and ESWT

•  Selection of qualitative dyspnea descriptors at 
the end of CWR cycle, 6MWT and ESWT

Affective distress How distressing breathing feels; focus can be either immediate 
(e.g., unpleasantness) or evaluative (e.g., judgments of meaning or 
consequences)

•  Intensity ratings (Borg scale) of dyspnea-related 
anxiety during CWR cycle exercise 

• COPD self-effi cacy scale (CSES)

Symptom impact How dyspnea affects functional ability, disability, quality of life 
or health status

• MRC dyspnea scale
• BDI / TDI
• CRQ dyspnea component
• SGRQ activity component

Abbreviations: 6MWT, 6-minute walk test; BDI, Baseline Dyspnea Index; CRQ, Chronic Respiratory Questionnaire; CSES, COPD Self-Effi cacy Scale; CWR, constant-work rate; ESWT, endurance 
shuttle walk test; MRC, Medical Research Council; SGRQ, St. George’s Respiratory Questionnaire; TDI, Transition Dyspnea Index. 
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study due to the presence of multiple co-morbidities, use 
of supplemental oxygen, or a BMI outside of the acceptable 
range. Th e main reason that eligible patients declined to 
participate was due to the large number of measurements 
being obtained and the inability to attend the study visits. 
Forty-eight subjects were enrolled in the study between 
November 2006 and September 2010 (Table 2): 4 CTRL 
subjects (3 COPD exacerbations, 1 symptomatic cardiac 
arrhythmia) and 3 PR subjects (2 COPD exacerbations, 
1 non-compliant with the exercise program due to knee 
problems) did not complete the study. Groups were well 
matched for age, sex, body size and baseline pulmonary 
function and exercise capacity (Table 2).

Th e attendance rate of the subjects who completed PR 
was 22.4 ± 2.2 sessions, i.e., 93% compliance. Th e dura-
tion of each exercise training session increased over the 
course of the program as demonstrated by the cycling 
sessions, which went from 4.7 ± 1.7 to 9.8 ± 2.0 min at 
week 1 to 8, respectively. 

Physiological and functional measurements
Th ere were no signifi cant between-group diff erences in 
pre-intervention pulmonary function measurements or 
their response to intervention (Table 3). Physiological 
measurements collected during CWR cycle exercise 
were also not signifi cantly diff erent between groups in 
response to intervention (Figure 1); although heart rate 
at a standardized time during exercise decreased by 3–6 
beats/min (p < 0.05) within the PR group, there was no 
signifi cant between-group diff erence in this response. 
Although not statistically signifi cant across groups, there 
were tendencies for some measurements to improve 
at a standardized time near end-exercise (‘isotime’) in 
response to PR but not CTRL: minute ventilation (V

E
) 

decreased by 1.8 ± 4.5 (p = 0.122) vs. 0.1 ± 5.5 L/min (p = 
0.903), mean expiratory fl ow rate (V

T
/T

E
) decreased by 

0.07 ± 0.12 (p = 0.044) vs. 0.00 ± 0.14 L/s (p = 0.880), and 
IC increased by 0.06 ± 0.14 (p = 0.079) vs. 0.03 ± 0.38 L 
(p = 0.749), respectively.

Table 2. Subject characteristics at study entry

 CTRL (n = 28) PR (n = 20) p-value*

Sex, M:F (% male) 16:12 (57) 11:9 (55) 0.883

Age, years 66 ± 7 68 ± 6 0.386

Height, cm 170 ± 11 167 ± 8 0.257

Weight, kg 83.8 ± 16.1 75.6 ± 18.5 0.111

Body mass index, kg/m2 28.9 ± 4.3 26.7 ± 4.9 0.114

Smoking pack-years 57 ± 29 61 ± 42 0.675

Smoking status, %current 21% 10% 0.295

BDI, focal score 5.9 ± 1.4 6.3 ± 1.2 0.300

Peak incremental work rate, watts 68 ± 29 71 ± 31 0.721

Peak incremental VO2, L/min 1.21 ± 0.49 1.12 ± 0.48 0.529

Peak incremental VO2, % predicted maximum 64 ± 21 66 ± 18 0.508

Peak incremental VE, L/min 41.5 ± 10.2 41.7 ± 14.6 0.969

Reason for stopping exercise, %:
   Breathing
   Legs
   Both breathing and legs
   Other

39
25
32
4

35
30
30
5

0.971

FEV1/FVC, % 42 ± 10 41 ± 11 0.581

FEV1, L 1.23 ± 0.52 1.16 ± 0.40 0.752

FEV1, % predicted 48 ± 19 48 ± 12 0.801

FRC, % predicted 151 ± 34 148 ± 39 0.860

RV, %predicted 181 ± 53 167 ± 47 0.384

TLC, %predicted 121 ± 14 118 ± 19 0.465

sRaw, % predicted 613 ± 324 537 ± 297 0.499

DLCO, % predicted 57 ± 22 57 ± 17 0.918

MIPFRC, % predicted 82 ± 25 82 ± 29 0.719

MEPTLC, % predicted 76 ± 18 74 ± 19 0.935

Mean ± SD unless otherwise specifi ed.
*p-value for between-group comparisons by unpaired t-test or chi-square analysis. 
Abbreviations:  BDI, Baseline Dyspnea Index; DLCO, diffusing capacity of the lung for carbon monoxide; FEV1, forced expired volume in 1 s; FRC, functional 
residual capacity; FVC, forced vital capacity; MIPFRC, maximum inspiratory mouth pressure measured at FRC; MEPTLC, maximum expiratory mouth pressure 
measured at TLC; RV, residual volume; sRaw, specifi c airway resistance; TLC, total lung capacity; VE, minute ventilation; VO2, oxygen consumption.
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Over 70% of each group stopped CWR exercise test-
ing due to breathing discomfort, alone or in combination 
with leg discomfort; the distribution of reasons for stop-
ping exercise did not change signifi cantly in response 
to intervention. Although there was a 106 ± 194 s (p = 
0.039) increase in CWR cycle endurance time within 
the PR group, the between-group diff erence was not 
statistically signifi cant (mean diff erence 47 s; p = 0.411). 
In the group as a whole, changes in CWR cycle endur-
ance correlated with changes in isotime exercise IC (r = 
0.456, p = 0.003) and dyspnea intensity (r = –0.308, p = 
0.050); changes in dyspnea and IC were inter-related 
(r = –0.421, p = 0.006). 

Th e only functional task that showed a signifi cant 
between-group diff erence in favour of PR was the 
6MWT distance (p = 0.044)(Table 4). Improvements in 
6MWT distance correlated with increased 6-min walk 
distance self-effi  cacy (r = 0.371, p = 0.017). Th ere was 
no signifi cant association between baseline pulmonary 
function or other physiological parameters and the 
magnitude of change in functional task performance or 
physiological parameters. 

Dyspnea domains
Sensory-perceptual experience
Th ere was no signifi cant change in dyspnea intensity 
(Table 4) or choice of qualitative descriptors of dysp-
nea at end-exercise during the CWR cycle, ESWT or 
6MWT. Submaximal ratings of dyspnea intensity during 

the CWR cycle test fell signifi cantly within the PR group 
but there was no signifi cant between-group diff erence 
(Figure 2). 

Affective distress
Th e intensity of dyspnea-related anxiety during CWR 
cycling decreased signifi cantly after PR compared with 
CTRL (Figure 2). Th e CSES also improved signifi cantly 
after PR compared with CTRL (Table 4). 

Symptom impact
After PR compared with CTRL, activity-related dysp-
nea improved signifi cantly based on all questionnaires 
(Figure 3). Of the three dyspnea domains, the symptom 
impact measurements were most responsive to PR, with 
the TDI improvement showing the greatest statistical 
between-group signifi cance (p < 0.0005). TDI correlated 
well with changes in the CRQ dyspnea score (r = 0.424, 
p = 0.006) but not with changes in the other symptom 
impact questionnaires.

Th ere was a signifi cant association between changes 
in ratings of dyspnea intensity and breathing-related 
anxiety measured at isotime during CWR cycle tests 
(r = 0.534, p = 0.002). Changes in each symptom impact 
questionnaire also correlated signifi cantly (p < 0.05) with 
improvements in the CSES. Other changes in measure-
ments across dyspnea domains did not correlate sig-
nifi cantly. Th ere was no signifi cant association between 
baseline pulmonary function or other physiological 
parameters and the magnitude of change in dyspnea-
related scores.

Health status and affective questionnaires
Th e CRQ total score improved after PR compared with 
CTRL, as did its fatigue component (Table 4). Th e 
SGRQ total score improved within the PR group but this 
change was not diff erent between groups; there were no 
changes in its symptom or impact components. HADS 
anxiety and depression improved signifi cantly after PR 
compared with CTRL; within each subscale, those who 
had the greatest pre-intervention scores were those who 
experienced the greatest improvements (p < 0.0005). 
Changes in CRQ total scores correlated with changes in 
SGRQ total scores (r = –0.511, p = 0.001). Improvements 
in SGRQ total scores correlated with improvements in 
HADS anxiety (r = 0.404, p = 0.009) and depression (r = 
0.415, p = 0.007) scores; while improvements in CRQ 
total scores correlated with improvements in HADS 
anxiety scores (r = –0.487, p = 0.001). 

Discussion

Th e main fi ndings of this study are as follows: 1) PR was 
primarily associated with improvements in the aff ec-
tive and impact domains of the new multidimensional 
model of dyspnea; and, 2) lack of improvement in the 
sensory-perceptual domain of dyspnea likely refl ects 
the inconsistent improvements in ventilation, breathing 

Table 3. Anthropometric and pulmonary function measurements of subjects 
who completed the study

   CTRL (n = 24)   PR (n = 17)

Pre Post Pre Post

Sex, M:F (% male) 13:11 (54) 9:8 (53)

Age, yrs 66 ± 7 67 ± 5

Height, cm 170 ± 11 168 ± 9

Body mass index, 
kg/m2

29.1 ± 4.3 29.6 ± 4.1 27.3 ± 6.5 27.9 ± 5.5

FEV1/FVC, % 40 ± 10 41 ± 11 44 ± 10 45 ± 10

FEV1, % predicted 49 ± 19 51 ± 22 51 ± 14 52 ± 14

FRC, % predicted 150 ± 30 148 ± 28 143 ± 34 145 ± 37

RV, %predicted 175 ± 52 171 ± 45 160 ± 44 164 ± 50

TLC, %predicted 121 ± 12 121 ± 11 115 ± 17 117 ± 18

sRaw, % predicted 604 ± 256 602 ± 363 525 ± 402 487 ± 321

DLCO, %predicted 57 ± 24 55 ± 20 58 ± 18 58 ± 17

MIPFRC, %predicted 80 ± 26 87 ± 28 * 84 ± 30 97 ± 31 *

MEPTLC, %predicted 78 ± 20 79 ± 19 77 ± 18 79 ± 15

Mean ± SD.
*p < 0.05 within-group difference post- versus pre-intervention.
†p < 0.05 between-group difference in post-pre change by repeated measures ANOVA.
Abbreviations:  DLCO, diffusing capacity of the lung for carbon monoxide; FEV1, forced 
expired volume in 1 s; FRC, functional residual capacity; FVC, forced vital capacity; 
MIPFRC, maximum inspiratory mouth pressure measured at FRC; MEPTLC, maximum 
expiratory mouth pressure measured at TLC; RV, residual volume; sRaw, specifi c airway 
resistance; TLC, total lung capacity.
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pattern and operating lung volumes in response to PR in 
this sample. 

Physiological training effects 
In contrast to our previous non-randomized study in 
a similar COPD population (5), there were no signifi -
cant improvements in physiological responses to CWR 
cycle exercise in the PR group compared with the CTRL 
group. However, signifi cant reductions in exercise heart 
rate, and small increases in quadriceps and inspiratory 
muscle strength were measured within the PR group. 
Th ere was also a tendency for small improvements in V

E
, 

breathing pattern and operating lung volumes within 

the PR group that was not demonstrated in the CTRL 
group but did not reach statistical signifi cance. Th e lack 
of a signifi cant between-group diff erence in respiratory 
responses during exercise was unexpected and diff erent 
from previous studies which emphasized cycle exercise 
training as the main intervention (12,13,16,35). 

In our study, multi-modality exercise training was 
individualized based on targeted dyspnea intensity rat-
ings, training duration increases were carefully moni-
tored by experienced physiotherapists, and adherence 
to the program was excellent over 8 weeks. Unlike most 
previous studies, we examined the additive eff ects of 
PR on pulmonary physiology in those already receiving 

Figure 1. Ventilatory responses to CWR cycle exercise in response to pulmonary rehabilitation (PR) or usual care control (CTRL).  Data plotted are means ± SEM for 
measurements collected at steady-state rest, isotime and peak exercise. Fb, breathing frequency.
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their regular foundational pharmacotherapy. Th us, it 
is possible that previously reported eff ects of training 
on ventilation, breathing pattern and operating lung 
volumes, may have been attenuated by concurrent 
maximal bronchodilator treatment. At the end of 8 
weeks, 6MWT distance improved signifi cantly by a 
mean diff erence of 19 m after PR compared with CTRL. 
Between-group comparisons of change in CWR cycle 
endurance time and ESWT showed no statistical dif-
ference. However, pre- to post-intervention improve-
ments in CWR cycle endurance time (by 106 s) and 
ESWT (by 256 s) were statistically signifi cant within 
the PR group. 

Effect on the sensory-perceptual domain of dyspnea
Th ere was no signifi cant between-group diff erence in 
isotime dyspnea intensity during CWR exercise, the 
reported exercise-limiting symptom or the qualita-
tive descriptor choices of dyspnea measured at end-
exercise. However, within the PR group, the increase 
in exercise endurance during cycle and walking tests 
was not accompanied by any further increase in peak 
dyspnea ratings. Th e lack of improvement in measure-
ments within the sensory-perceptual domain of dyspnea 
(intensity and quality) likely refl ects the lack of between-
group diff erences in breathing effi  ciency, dynamic lung 
hyperinfl ation and ventilatory requirements. Changes 

Table 4. Questionnaires and functional tasks

CTRL (n = 24)            PR (n = 17)

Pre Post Pre Post

MRC dyspnea scale, 1-5 2.9 ± 1.0 3.0 ± 1.0 2.9 ± 0.8 2.2 ± 0.6 *†

BDI:
   Focal score
   Functional impairment
   Magnitude of effort
   Magnitude of task

6.0 ± 1.5
2.1 ± 1.0 
2.0 ± 0.7
1.8 ± 0.5

6.0 ± 2.1
2.1 ± 0.9
2.2 ± 0.8
1.8 ± 0.5

6.1 ± 1.1
2.3 ± 0.6
2.1 ± 0.7
1.8 ± 0.4

7.9 ± 1.5*†
2.9 ± 0.7*†
2.6 ± 0.8*

2.3 ± 0.6*†

TDI:
   Focal score
   Functional impairment
   Magnitude of effort
   Magnitude of task

n/a 0.3 ± 2.1
0.0 ± 0.7
0.3  ± 1.2
0.0 ± 0.7

n/a 3.8 ± 2.3 †
1.1 ± 1.1 †
1.5 ± 1.1 †
1.4 ± 0.8 †

CRQ:
   Total
Dyspnea
   Fatigue
   Emotion
   Mastery

18.3 ± 4.1
3.4 ± 1.2
4.5 ± 1.3
5.1 ± 1.1
5.3 ± 1.3

18.0 ± 3.5
3.4 ± 1.4
4.2 ± 1.2
5.2 ± 1.1
5.3 ± 1.3

16.9 ± 3.2
2.7 ± 0.7
4.0 ± 1.3
5.0 ± 1.0
5.1 ± 1.1

19.8 ± 3.9*†
3.9 ± 1.0 *†
5.0 ± 1.0 *†

5.4 ± 1.0 
5.5 ± 1.4

SGRQ:
   Total
   Symptom
   Activity
   Impact

47 ± 14
61 ± 23
66 ± 17
32 ± 14

45 ± 13 
53 ± 20 *
65 ± 19
31 ± 14

50 ± 15
60 ± 21
67 ± 16
37 ± 17

42 ± 17 * 
55 ± 22 

55 ± 18 *†
30 ± 22

HADS anxiety score 4.5 ± 2.8 4.8 ± 3.2 5.8 ± 3.5 4.1 ± 3.2 *†

HADS depression score 4.2 ± 2.9 4.7 ± 2.9 5.1 ± 3.3 3.0 ± 2.2 *†

COPD Self-Effi cacy Scale 109 ± 23 112 ± 22 102 ± 18 122 ± 25 *†

6-min walk self-effi cacy 42 ± 22 44 ± 22 42 ± 20 61 ± 24 *†

6-minute walk test:
   Distance, m
Dyspnea, Borg
   Leg discomfort, Borg

449 ± 101
3.8 ± 1.8
3.1 ± 2.0

448 ± 97
3.8 ± 1.6
3.0 ± 1.8 

451 ± 83
3.7 ± 1.8
3.6 ± 2.9

469 ± 92 *†
3.8 ± 1.9

2.7 ± 2.4 *

Endurance shuttle walk test:
   Distance, m
Dyspnea, Borg
   Leg discomfort, Borg

487 ± 417
4.0 ± 1.5
3.4 ± 2.1

578 ± 537
4.3 ± 1.5
3.5 ± 1.8

406 ± 240
5.2 ± 2.3
4.5 ± 3.0

662 ± 462 *
4.9 ± 2.6
3.8 ± 2.6

CWR cycle test:
   Endurance time, s
Dyspnea, Borg
   Leg discomfort, Borg

314 ± 168
6.1 ± 2.4
5.9 ± 2.8

372 ± 240
5.8 ± 1.9
6.0 ± 2.5

457 ± 484
6.1 ± 2.4
6.5 ± 3.2

562 ± 475 *
6.2 ± 2.9
5.8 ± 3.1

Quadriceps strength, kg 30 ± 12 31 ± 13 28 ± 14 31 ± 14*

Mean ± SD. 
* p < 0.05 within-group difference post- versus pre-intervention.
† p < 0.05 between-group difference in post-pre change by repeated measures ANOVA. 
Abbreviations:  BDI, Baseline Dyspnea Index; CRQ, Chronic Respiratory Questionnaire; CWR, constant-work rate; HADS, Hospital Anxiety and Depression Scale; MRC, Medical Research 
Council; SGRQ, St. George’s Respiratory Questionnaire; TDI, Transition Dyspnea Index.
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in the aforementioned physiological parameters have 
previously been closely linked to improvement in the 
sensory-perceptual domain of dyspnea following vari-
ous bronchodilators or oxygen treatment (36–38). Simi-
larly, in this study it is noteworthy that signifi cant inter-
relationships were found between the improvements in 
CWR cycle endurance time, isotime exercise IC and iso-
time dyspnea intensity. However, the overall respiratory 
physiological eff ects were smaller and more inconsistent 
compared with the eff ects of pharmacotherapy where 
the impact on aff ective distress and functional capacity 
is, in turn, likely to be less. 

Effect on the affective domain of dyspnea
Th ere is increasing recognition that dyspnea in COPD 
is modulated by aff ective (unpleasantness, fear, anxiety, 
depression) factors (39). Our study confi rms the results 
of previous studies that patients can discriminate and 
separately rank intensity of respiratory discomfort and 
dyspnea-related anxiety or distress during a standardized 

exercise test (10,40). Compared with CTRL, the combi-
nation of exercise training and education was associated 
with between-group improvements in dyspnea-related 
anxiety. Th is indicates that patients felt less anxious at 
a given level of exercise. Th ere were also improvements 
in self-effi  cacy and global ratings of both anxiety and 
depression. Components of PR which were directed 
at improving emotional functioning, self-effi  cacy and 
coping skills, together with sustained psychosocial sup-
port over 8 weeks, were likely instrumental in positively 
infl uencing dyspnea-related aff ective distress. Th e sig-
nifi cant PR-associated improvements in global ratings 
of both anxiety and depression are thought to favorably 
infl uence dyspnea perception (11). 

Effect on the impact domain of dyspnea
As in many previous studies examining the impact of 
PR, signifi cant and clinically meaningful between-group 
diff erences in TDI, CRQ-dyspnea and SGRQ-activity 
were evident, confi rming that alleviation of dyspnea 

* 

* 
p=0.086 

p=0.073 

p=0.073 

Figure 2. Intensity of exertional dyspnea and dyspnea-related anxiety during CWR cycle exercise.  Data plotted are means±SEM for measurements collected at steady-
state rest, isotime and peak exercise.  *p < 0.05 pre- versus post-intervention.
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* * *

CTRL                             PR 
*

CTRL                            PR 

*

CTRL                           PR CTRL                              PR 

*

†

Figure 3. Measurements of activity-related dyspnea (symptom impact) in response to pulmonary rehabilitation (PR) or usual care control (CTRL). Scores are shown for the 
Transition Dyspnea Index (TDI) and its components (Functional Impairment, Magnitude of Task, Magnitude of Effort), the Medical Research Council MRC) dyspnea scale, the 
Chronic Respiratory Questionnaire (CRQ) dyspnea component, and the St. George’s Respiratory Questionnaire (SGRQ) activity component. Values are means ± SEM. *p < 
0.05 within- and between-group difference; †p < 0.05 within-group difference for change with intervention.

following PR is linked to increased functional ability. It 
is noteworthy that improvements in the impact domain 
occurred independently of changes in the other two 
domains and in the absence of signifi cant physiological 
training eff ects measured during cycle exercise. 

Limitations
A larger sample size may have provided greater statisti-
cal power to uncover diff erences in sensory-perceptual, 
functional and physiological responses to PR; however, 
the study was suffi  ciently powered to demonstrate impor-
tant improvements in the impact and aff ective dyspnea 
domains. Potential diff erences that we could not uncover 
within the current study may be better addressed in a 
future large multicentre randomized trial; such a study 
would also allow for stratifi cation of patients relative to 
baseline dyspnea, physiology or clinical phenotypes. 
Exercise training was multimodality (i.e., cycling, walk-
ing, arm ergometry, resistance training, etc.) and the cycle 
training intensity per se may not have been high enough 
to achieve a task-specifi c physiological training eff ect, 
especially in patients with more advanced COPD. How-
ever, our program and its participants were broadly rep-
resentative of most supervised hospital-based programs 
and adherence to the training protocol was excellent.

Conclusion

An 8-week PR program, which incorporated both educa-
tion and physical training, eff ectively alleviated chronic 

dyspnea as measured by a new multidimensional model 
in patients with COPD. Improvement was more consis-
tently seen in the aff ective and impact domains of dysp-
nea than in the sensory-perceptual domain. Th e lack of 
between-group diff erences in the intensity and quality of 
dyspnea during cycle exercise may be explained by the 
lack of between-group diff erences in ventilation, breath-
ing pattern and operating lung volumes. Th e study raises 
the important question of whether closer attention should 
be paid to the achievement of improved respiratory phys-
iology as a primary goal of exercise training in COPD. 
However, for many patients with advanced COPD enter-
ing multi-modality PR programs, physiological train-
ing eff ects are diffi  cult to achieve and even to measure. 
Clearly, further studies are required to determine if more 
targeted, higher intensity training protocols that poten-
tially improve pulmonary physiology are more eff ective 
in achieving sustained improvements in activity-related 
dyspnea across all three major domains.
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