Respiratory Medicine (2008) 102, 1715—1729

available at www.sciencedirect.com
respiratory MEDICINE

-y

“e,¢ ScienceDirect

journal homepage: www.elsevier.com/locate/rmed

Inspiratory muscle training in adults with chronic
obstructive pulmonary disease: An update of
a systematic review

E. Lynne Geddes ®*, Kelly O’Brien ®, W. Darlene Reid ¢,
Dina Brooks ®, Jean Crowe @

2 School of Rehabilitation Science, Institute of Applied Health Science, Room 403, McMaster University,
1400 Main Street West, Hamilton, ON, Canada L8S 1C7

b Department of Physical Therapy, University of Toronto, 500 University Avenue, Room 160,

Toronto, ON, Canada M5G 1V7

¢ Department of Physical Therapy, University of British Columbia, 617 — 828 W. 10th Avenue,

Research Pavilion, VCHRI Vancouver, BC, Canada V5Z 1L8

Received 17 March 2008; accepted 8 July 2008
Available online 15 August 2008

KEYWORDS Summary

Respiratory muscles; The purpose was to update an original systematic review to determine the effect of inspiratory
Inspiratory muscle muscle training (IMT) on inspiratory muscle strength and endurance, exercise capacity, dys-
training; pnea and quality of life for adults with chronic obstructive pulmonary disease (COPD).
Breathing exercises; The original MEDLINE and CINAHL search to August 2003 was updated to January 2007 and
Lung diseases, EMBASE was searched from inception to January 2007. Randomized controlled trials, published
obstructive; in English, with adults with stable COPD, comparing IMT to sham IMT or no intervention, low
Chronic obstructive versus high intensity IMT, and different modes of IMT were included.

pulmonary disease; Nineteen of 274 articles in the original search met the inclusion criteria. The updated search
Pulmonary revealed 17 additional articles; 6 met the inclusion criteria, all of which compared targeted,
rehabilitation threshold or normocapneic hyperventilation IMT to sham IMT. An update of the sub-group anal-

ysis comparing IMT versus sham IMT was performed with 10 studies from original review and 6
from the update.

Sixteen meta-analyses are reported. Results demonstrated significant improvements in
inspiratory muscle strength (Plhax, Plmax % predicted, peak inspiratory flow rate), inspiratory
muscle endurance (RMET, inspiratory threshold loading, MVV), exercise capacity (Vemax, Borg
Score for Respiratory Effort, 6MWT), Transitional Dyspnea Index (focal score, functional
impairment, magnitude of task, magnitude of effort), and the Chronic Respiratory Disease
Questionnaire (quality of life).
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Results suggest that targeted, threshold or normocapneic hyperventilation IMT significantly
increases inspiratory muscle strength and endurance, improves outcomes of exercise capacity
and one measure of quality of life, and decreases dyspnea for adults with stable COPD.
© 2008 Elsevier Ltd. All rights reserved.

Introduction

Chronic obstructive pulmonary disease (COPD) is a disease
of the small airways and lung parenchyma characterized by
airflow limitation that is not fully reversible." Because
COPD commonly is associated with long-term smoking, it
tends to arise in middle age' and progresses with aging. -2
As a result, the prevalence, morbidity and mortality of
COPD increase with age.?

Worldwide, the prevalence of moderate (FEV; < 80%
predicted) to very severe (FEV; < 30% predicted) COPD is
10%.3 COPD also is associated with substantial societal
burden and mortality. Using disability-adjusted life years
(DALYs) as a measure of burden of disease, COPD is pro-
jected to increase from the 11th leading cause of DALYs in
2002 to the seventh leading cause in 2030.* Similarly, in
2002 COPD was the fifth leading cause of death and is
projected to be the fourth leading cause of death in 2030.*

Pulmonary rehabilitation is an important component in
the management of COPD. It has been shown to improve
exercise capacity and health related quality of life, and to
reduce breathlessness, anxiety or depression, and the
frequency and length of hospitalizations related to
COPD. "5 Exercise training, a key component of a pulmonary
rehabilitation program, may include aerobic exercise such
as cycling or walking as well as upper and lower extremity
strength training.’®7

The role of inspiratory muscle training (IMT) for indi-
viduals with stable COPD is unclear. The first systematic
review on IMT found little evidence to support the use of
IMT. However, given limitations in the included studies,
Smith and colleagues® recommended further research be
done. A second systematic review, published in 2002,
supported the inclusion of IMT as a part of pulmonary
rehabilitation.® A third systematic review of randomized
control studies compared IMT with sham IMT or no inter-
vention, low versus high intensities of IMT, and different
modes of IMT." Results showed improvements in some
measures of inspiratory muscle strength and endurance,
exercise capacity, and dyspnea with individuals with COPD
using targeted or threshold type IMT compared to sham IMT
or no intervention.

IMT is not routinely used or recommended.”'"'? Neither
the American Thoracic Society/European Respiratory
Society standards'? nor the Canadian Thoracic Society
Recommendations for the Management of COPD’ recom-
mend the incorporation of IMT into management plan. The
Global Initiative for Chronic Obstructive Lung Disease’
states that ‘‘respiratory muscle training is beneficial,
especially when combined with general exercise training”
(p. 56) based on Level C evidence from non-randomized
trials and observational studies.

The purpose of this article is to update the results of the
original systematic review conducted by Geddes et al.'

The objective was to determine the effect of IMT on
inspiratory muscle strength and endurance, exercise
capacity, dyspnea and quality of life in adults with COPD.

Methods

Search strategy

A systematic review was conducted using the methods of
the Cochrane Collaboration.'? In the original review, MED-
LINE and CINAHL databases, and reference lists from
appropriate articles were searched up to August 2003.
Authors were contacted for additional data and targeted
journals were hand-searched to locate articles for inclu-
sion. In this update, an additional search of the literature
was conducted from September 2003 to January 2007 using
similar methods to the original review. In addition, EMBASE
was searched from inception to January 2007.

Study inclusion

All articles retrieved from the updated search were
reviewed independently by two reviewers (KO and DB) to
identify the studies that met the inclusion criteria of (i)
randomized controlled trial or randomized cross-over trial;
(ii) published in English; (iii) with adult participants 18
years of age or older with a diagnosis of stable COPD; and
(iv) compared IMT to sham IMT or no intervention, low
versus high intensities of IMT, and different modes of IMT. If
there was lack of agreement between the reviewers on
inclusion, a third reviewer independently read the article
and determined study inclusion.

Types of inspiratory muscle training

IMT was defined as any intervention with the goal of
training the inspiratory muscles. Types of IMT were classi-
fied as non-targeted, targeted, threshold or normocapneic
hyperventilation. Sham IMT was defined as using the same
type of IMT device at an intensity of <8.3 cm H,0 for nor-
mocapneic individuals or <11.5 cm H,0 for individuals with
moderate hypercapnia.'® These definitions are further
explained in the original review.'®

Data abstraction

Two reviewers (LG and WDR) independently abstracted the
relevant data from each included article onto standardized
data abstraction forms. Outcomes assessed for this
systematic review included measures of inspiratory muscle
strength and endurance, exercise capacity, dyspnea and
quality of life. Data abstraction was confirmed between the
two reviewers. If needed, a third reviewer confirmed any
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discrepancies or uncertainties related to the data
abstraction process (KO). Authors were contacted for
additional data or information, as necessary.

Methodological quality of the included studies was
assessed by two reviewers (LG and WDR) using the Jadad
criteria, including randomization, blinding and with-
drawals.™ All studies also were assessed for similarity of
groups of participants at baseline and whether an inten-
tion-to-treat analysis was conducted. Given the absence of
a validated scoring system for assessing the true validity of
a trial, a descriptive summary of the methodological quality
for all included studies is provided rather than generating
an overall quality score.'?

Data analysis

Where studies were comparable, using similar participants,
similar interventions, similar training protocols, and similar
outcome measures, meta-analyses were performed using
RevMan 4.2.2 computer software.'® Given that targeted,
threshold and normocapneic hyperventilation modes of IMT
all include a baseline maximum inspiratory pressure and
involve working toward a targeted percentage of the maximal
workload, they were considered comparable for this update.

Outcomes were analyzed as continuous variables using
a random effects model to determine the weighted mean
difference and 95% confidence interval (Cl). There were no
dichotomous outcomes in this review. A p value less than
0.05 indicated statistical significance for an overall effect
and a p value less than 0.1 indicated statistical significance
for heterogeneity between studies.’® In instances of
significant heterogeneity, sensitivity analyses were per-
formed whereby studies were systematically removed from
the analyses to determine the robustness of the results.
Potential reasons for significant heterogeneity were dis-
cussed and a rationale determined for whether combining
studies made practical sense, as suggested by Lau et al.'®

Results
Included studies

The search from the initial review revealed 274 articles, of
which 19 articles'” 3> met the inclusion criteria. Ten of
these studies compared targeted or threshold IMT to sham
IMT, 26733 two studies compared IMT to no intervention,'”:'8
one study compared low to high intensity IMT' and six
studies compared non-targeted IMT to sham IMT.2°"2> The
search for this update resulted in an additional 17 articles
of which six***' met the inclusion criteria. The two
reviewers (KO and DB) achieved total agreement pertaining
to study inclusion for this review update. All six of these
studies compared targeted, threshold or normocapneic
hyperventilation IMT to sham IMT.>*™*' Hence, it was
possible to perform an update of those types of IMT versus
sham IMT sub-group analysis. This update focuses on the
results of the sub-group analysis comparing targeted,
threshold or normocapneic hyperventilation IMT versus
sham IMT with 16 studies (10 from original review and 6
from the update). None of these 16 studies reported a co-
intervention in conjunction with IMT or sham IMT.

Targeted, threshold, or normocapneic
hyperventilation IMT versus sham IMT

Characteristics of the 16 included studies are provided in
Table 1.267*' Two authors were contacted for additional
data.

Participant characteristics

Participants in the included studies were adults with
moderate to very severe COPD"'2 as shown by a mean FEV,
ranging from 24 to 54% predicted?’ —333>=4! or FEV,/FVC
ratio of 0.33—0.39.2%3* The mean age of participants for all
the studies was between 56 and 68 years.26~! Participants
were predominantly males?¢—37-3=4! with the exception of
one study that included more females.3® The mean inspi-
ratory muscle strength of participants at baseline ranged
from 42 to 72cm H,0 for the studies that reported
measuring Plyax from residual volume?8-30:36:38=41 o from
35.8 to 68.5 H,0 for the studies that reported measuring
Plmax from functional residual capacity.2é:27-31=3437

Methodological quality of included studies

All 16 included studies?* ' were described as randomized
but only three described the randomization process: either
a random number table3®*“° or a computer generated
random number sequence stratified for sex and severity of
airflow obstruction.?”

Ten of the 16 studies were described as double-
blinded in which both the participants and outcome
assessors were blind to the intervention and allocation of
participants within groups.2°—31,33:34,36,37,39=41 gpa stydy
was assumed to be double-blinded since the assessors
were blinded to the intervention and the allocation of
participants within groups, and the participants were
unaware of the intervention they received due to the use
of sham IMT.3® Single-blinding occurred in the remaining
five studies in which participants were unaware of the
intervention they received due to the use of sham
IMT.26-28,32,35

Fourteen of the 16 included studies reported on partic-
ipants who withdrew from the study. Five of these 14
studies reported no withdrawals.?®33:35:3%41 withdrawal
rates in the remaining nine studies ranged from 5.7 to
51.1%.26:27,29-31,36-38,40 Reasons for withdrawal included:
respiratory problems or exacerbations,?” 2?3038 intercur-
rent illness,?®?*3 family or transportation issues,?”3’
death,3**? or other reasons, including lack of interest in the
program.29:36:40

Thirteen of the 16 included studies reported that
comparison groups were similar at baseline.2672%32,33,35—41
Two studies did not report on group similarity at base-
line®"3* and one study had older participants with lower
arterial oxygen in the sham group.*°

Intention-to-treat analysis was performed in the three
studies that reported no withdrawals?®3%4! and was infer-
red in nine studies because group participants appeared to
be analyzed based on the groups to which they were orig-
inally randomized.26-3173436=3840 |5 the remaining four
studies, a per protocol analysis was conducted whereby



Table 1

Characteristics of studies included in the systematic review: targeted inspiratory resistive IMT or threshold IMT versus sham IMT

Study Method Sample size Patient Severity of COPD  Mode of IMT and  Monitoring of  Time, Frequency Intensity of Outcomes of
(N = at baseline; characteristics (FEV, % predicted supervision breathing intensity and  and duration  sham IMT interest assessed
W=% (mean age in or FEV,{/FVC; pattern progression of of IMT (cmH,0)
withdrawal) years; % male mean pCO, at IMT
upon completion  baseline)
of study)
Beckerman RT; high versus N = 42; 67 Years; FEV; 42% Threshold load NR 15 min per 2x perday, 6 7 Inspiratory muscle
et al.’%? low IMT W =26.1% 76% male predicted; trainer — session @ 15% times per strength, exercise
(redefined as pCO,; NR POWERbreathe; Plhax Week 1;  week for 12 capacity, quality of
IMT versus sham supervised by RTh increased 5—  months life, pulmonary
for this review) during 1st month, 10% each function tests/
daily phone calls session to spirometry
and weekly visit achieve 60%
by RTh for Plax by end
remaining 11 of week 4,
months of study intensity then
adjusted
monthly to
maintain 60%
leax
Belman et al.?® RT; high versus N = 20; 64 Years; 59% FEV./ Targeted Controlled at 15 min per 2x perday, 7 7.5—10 Inspiratory muscle
low IMT W= 15.0% male FVC = 0.33; inspiratory 12.5 breaths  session @ the days per week strength,
(redefined as 39 mmHg resistance per minute maximum for 6 weeks inspiratory muscle
IMT versus sham trainer; daily log pressure endurance,
for this review) and supervision tolerated exercise capacity,
once per week in pulmonary function
lab tests/spirometry
Harver et al.?’ RT; IMT versus N = 23; 63 Years; 84% FEV; 38% PFlex adapted to  Spontaneous 15 min per 2x per day, 5cmH,0/L s Inspiratory muscle
sham W =17.4% male predicted; pCO,  give targeted breathing session @ 5— 7 days per strength, dyspnea,
NR visual feedback;  pattern 35 cmH,0/ week for 8 pulmonary function
not supervised. Ls. weeks tests/spirometry
Biweekly phone Participants
calls to home. encouraged
to increase to
a new training
level (PFlex
setting) every
7—10 days
Heijdra et al.?® RT; high versus N = 20; 62 Years; FEV; 36% Targeted 3s 15 min per 2x perday, 7 5.7 (10% Plyax Inspiratory muscle
low IMT W= 0% 75% male predicted; inspiratory inspiration, session @ 60% days per week at baseline) strength,
(redefined as 45 mmHg resistance 4 s expiration  Plyayx; for 10 weeks inspiratory muscle
IMT versus sham trainer; PT monitored by intensity endurance,
for this review) checked in once  target of adjusted pulmonary function
per week with incentive weekly to tests/spirometry
participants spirometry maintain

Pluax Of 60%



Hill et al.?”:2

Kim et al.?®

Koppers et al.>®2

Larson et al.*®

Lisboa et al.?'

Patessio et al.>?

RT; IMT versus
sham

RT; IMT versus
sham

RT; IMT versus
sham

RT; high versus
low IMT
(redefined as
IMT versus sham
for this review)

RT; high versus
low IMT
(redefined as
IMT versus sham
for this review)

RT; IMT versus
sham

N = 35;
W=5.7%
N=112;
W = 40.2%
N = 39;
W=7.7%
N = 45;
W=51.1%
N = 20;
W= NR
N = 16;
W = NR

68 Years;
67% male

65 Years;
76% male

56 Years;
47% male

63 Years;
91% male

62 Years;
65% male

63 Years;
100% male

FEV, 37%
predicted;
pCOz NR

FEV, 40%
predicted;
42 mmHg

FEV, 54%
predicted; pCO,
NR

FEV, 32%
predicted;
41 mmHg

FEV, 38%
predicted;
41 mmHg

FEV, 52%
predicted;
42 mmHg

Threshold load
trainer;
supervised

Threshold load
trainer; diary and
nurse called
participants at
home to monitor
progress, provide
coaching,
encourage
adherence

Normocapnic
hyperpnea tube
breathing®;
supervised

Threshold load
trainer; daily log
and telephone
call once per
week

Threshold load
trainer; not
supervised

Targeted
inspiratory
resistance trainer
(resistance
trainer with
visual feedback);
not supervised

Spontaneous
breathing
pattern

Noseclips

Noseclips and
instructed to
take deep
breaths with
metronome to
max of 20
breaths per
min

NR

NR

Spontaneous
breathing
pattern

21 min per
session with 7
cycles of

2 min at max
load tolerable
followed by

1 min rest;

15—30 min
per session @
30% Plmax;
Intensity
increased
monthly to
sustain 30%

leax

15 min per
session @ 60%
MVV

15 min (week
1), 30 min
(week 2—8) @
30% Plmax,
progression of
intensity: NR

30 min per
session @ 30%
leax;
intensity
adjusted
every week to
ensure Plyax
remained at
target level

15 min per
session @ 50%
leax;
progression of
intensity NR

1x per day, 3
days per week
for 8 weeks

1x per day, 7
days per week
for 24 weeks

2x per day, 7
days per week
for 5 weeks

1x per day, 7
days per week
for 8 weeks

1x per day, 6
days per week
for 10 weeks

4x per day, 7
days per week
for 8 weeks

6.7 (10% Plmax
at baseline)

‘‘Barely
perceptible
and too light
to influence
strength”’
(p. 358)

3.6 (£5% Plinax
at baseline)

8 (15% Plmax at
baseline)

5 (10% Pl at
baseline)

No inspiratory
resistance

Inspiratory muscle
strength,
inspiratory muscle
endurance,
exercise capacity,
quality of life
pulmonary function
tests/spirometry

Inspiratory muscle
strength,
inspiratory muscle
endurance,
exercise capacity,
dyspnea

Inspiratory muscle
strength,
inspiratory muscle
endurance,
exercise capacity,
quality of life,
pulmonary function
tests/spirometry

Inspiratory muscle
strength,
inspiratory muscle
endurance,
exercise capacity,
quality of life

Inspiratory muscle

strength, exercise

capacity, dyspnea,
pulmonary function
tests/spirometry

Inspiratory muscle
strength,
inspiratory muscle
endurance,
pulmonary function
tests/spirometry

(continued on next page)



Table 1 (continued)

Sample size
(N = at baseline;

Patient
characteristics
(mean age in
years; % male

Severity of COPD
(FEV4 % predicted
or FEV,/FVC;

Monitoring of

Time,
intensity and

Frequency

Intensity of

W=% upon completion mean pCO, at Mode of IMT and  breathing progression of and duration  sham IMT Outcomes of
Study Method withdrawal) of study) baseline) supervision pattern IMT of IMT (cmH;0) interest assessed
Sanchez-Riera RT; IMT versus N = 20; 67 Years; FEV; 40% Targeted Controlled at 15 min per 2x per day, 6 No inspiratory Inspiratory muscle
et al.® sham W= 0% 90% male predicted; pCO, inspiratory 8 breaths per session @ 30% days per week resistance strength;

NR resistance min with Plnax; for 24 weeks inspiratory muscle
trainer; not metronome modified endurance;
supervised every 6 weeks exercise capacity;

to maintain quality of life;
30% Plmax dyspnea
(target load
began at 6
cmH,0 and
increased
every 2 min
by 2 cmH,0)
Villafranca RT; high versus N = 20; 62 Years; FEV./ Threshold load NR 15 min per 2x per day, 6 6.8 (10% Pl,.x Inspiratory muscle
et al.>* low IMT W =NR 65% male FVC = 0.39; pCO, trainer; not session @ 30% days per week at baseline) strength;
(redefined as NR supervised Plinax; for 10 weeks inspiratory muscle
IMT versus sham intensity endurance
for this review) adjusted each
week to
ensure Play
remained at
target level
Ramirez- RT; IMT versus N = 14; 66 Years; FEV; 24% Threshold load NR 30 min per 1x per day, 5 No inspiratory Inspiratory muscle
Sarmiento sham W= 0% 100% male predicted; trainer; session @ 60% days per week resistance strength;
et al.®® 45 mmHg supervised by maximum for 5 weeks inspiratory muscle
personnel sustained endurance;
inspiratory exercise capacity;
pressure pulmonary function
(SIP). tests/spirometry
Intensity
adjusted

dependent on
participant
tolerance



Weiner and RT; high versus
Weiner*®2 low IMT
(redefined as
IMT versus sham
for this review)

Weiner et al.*“®¢ RT; high versus
low IMT
(redefined as
IMT versus sham
for this review)

Weiner et al.#!4

RT; high versus
low IMT
(redefined as
IMT versus sham
for this review).
Note: this study
also included
EMT and

EMT + IMT
groups not
reported here

N = 28;
W= 0%
N=32(at 3

months: time of
randomization);

W = 34%
N = 16;
W = 0%

63 Years;
57% male

65 Years;
82% male (at
baseline 0
months)

62 Years; 81%
males

FEV, 37%
predicted; pCO,
NR

FEV, 46%
predicted; pCO,
NR

FEV, 44%
predicted; pCO,
NR

Threshold load
trainer —
POWERbreathe;
not supervised

Threshold load
trainer; daily
phone calls and
once weekly
visits by RTh

Threshold load
trainer; not
supervised

NR

NR

NR

1h per
session @ 15%
Plhax week 1;
increased 5—
10% each
session to
achieve 60%
Plhax by end
of week 4,
intensity then
adjusted
weekly to
maintain 60%

leax

30 min per
session @ 60%
leax
adjusted
monthly to
the new Plax
achieved.

30 min per
session @ 15%
Plhax week 1;
increased 5—
10% each
session to
achieve 60%
Plhax by end
of week 4,
intensity then
adjusted
weekly to
maintain 60%

Plmax

1x perday, 6 7
days per week
for 8 weeks

1x perday, 3 7
days per week
for 12 months

1x perday, 6 7
days per week
for 3 months

Inspiratory muscle
strength

Inspiratory muscle
strength,
inspiratory muscle
endurance,
dyspnea,
pulmonary function
tests/spirometry

Inspiratory muscle
strength,
inspiratory muscle
endurance,
exercise capacity,
dyspnea,
pulmonary function
tests/spirometry

IMT — inspiratory muscle training; EMT — expiratory muscle training; N — number; % — percent; W — % withdrawal; FEV,; — forced expiratory volume in 1's; FVC — forced vital capacity; pCO, —
arterial partial pressure of carbon dioxide; mmHg — millimeters of mercury; cmH,0 — centimeters of water; RT — randomized trial; @ - at; X — times; NR - not reported; Plax - maximum
inspiratory pressure; MVV — maximum voluntary ventilation; min — minutes; s — second; PT — physical therapist; and RTh — respiratory therapist.
@ New studies included in this systematic review update.
b Given targeted, threshold and normocapneic hyperventilation modes of IMT include a baseline maximum inspiratory pressure and
involve working toward a targeted workload, they were considered comparable for this update.
¢ Based on 3—15 month data which was the duration of the IMT versus sham intervention in this study.

4 Only data from Specific IMT (SIMT) and sham groups are reported as they were the groups applicable to this review.
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participants who were non-adherent to the intervention
were excluded from the analysis.2”-2%-30:33

Meta-analyses

The addition of six new studies enabled an update of the
sub-group analysis that compared targeted/threshold/nor-
mocapneic hyperventilation IMT to sham IMT. This resulted
in 16 meta-analyses, of which nine were updated with new
studies from this update incorporated in the meta-analyses,
five were entirely new (i.e. there were previously insuffi-
cient studies to perform the meta-analyses with only
studies from the original review) and two were meta-
analyses that only included studies from the original review
(Table 2). The results and discussion focus on these
analyses.

Of the 16 meta-analyses performed, statistical hetero-
geneity was present in 11 of the meta-analyses. Hetero-
geneity may be attributed to variation between studies
related to the type of participants, frequency, intensity,
mode and duration of the intervention and sham IMT,
whether or not the intervention was supervised, and
differences in the way outcomes were measured. In
instances where there was statistical heterogeneity,
a random effects model was used and sensitivity analyses
performed. Sensitivity analyses for each of the 11 outcomes
resulted in the same conclusions for overall effect
compared with the meta-analyses that included all possible
studies (with heterogeneity). Further, meta-analyses that
included all possible studies often yielded a more conser-
vative estimate. Hence, meta-analyses are reported with
all possible included studies in this review.

Inspiratory muscle strength

Three meta-analyses using measures of inspiratory muscle
strength (maximum inspiratory pressure [Plhax], Plmax %
predicted, peak inspiratory flow rate) were conducted
(Table 2.1). This sub-group analysis was not stratified based
on level of preservation of inspiratory muscle strength. Two
of these were updates of meta-analyses included in the
original review and showed a significant improvement in
Plhax of 11.6cm H,0 (95% Cl: 8.7, 14.4; p<0.0001;
n = 330) and in Pl.x % predicted of 23.2% (95% Cl: 11.3,
35.1; p = 0.0001; n = 67) favouring participants in the IMT
group compared with the sham IMT group. A new meta-
analysis was conducted for peak inspiratory flow rate, and
similarly demonstrated a significant effect favouring IMT
with an increase of 12.6L/min (95% Cl: 9.7, 15.6;
p < 0.0001: n = 45) in the IMT group compared with the
sham IMT group.

Inspiratory muscle endurance

Three meta-analyses using measures of inspiratory muscle
endurance (respiratory muscle endurance time [RMET],
inspiratory threshold loading, maximum voluntary ventila-
tion [MVV]), were conducted (Table 2.2). Two of the meta-
analyses (RMET, maximal inspiratory threshold load) were
updates of those in the original review. Results showed
a significant improvement in RMET of 4.4 min (95% Cl 0.7,
8.2; p=0.02; n=147) and in maximal inspiratory
threshold load of 1.4kPa (95% Cl: 0.8, 1.9; p<0.0001;
n = 143) favouring participants in the IMT group compared

with the sham IMT group. The meta-analysis conducted for
MVV also demonstrated a significant effect favouring IMT
with an increase of 6.6 L/min (95% Cl: 1.8, 11.3; p = 0.007;
n = 36) in the IMT group compared with the sham IMT
group.

Exercise capacity

Five meta-analyses using measures of exercise tolerance
were performed, three of which demonstrated a significant
effect favouring IMT compared to sham (Table 2.3). Results
showed a significant improvement in maximum exercise
minute ventilation (Vemax) of 4.9 L/min in the IMT group
compared with the sham IMT group (95% Cl: —8.2, —1.7;
p =0.003; n=40). Updated meta-analyses’ results
demonstrated a significant improvement in the Borg Score
for Respiratory Effort by 1.8 points (95% Cl: —2.4, —1.2;
p <0.0001; n=109) and significant improvement in 6-
minute walk test (6MWT) distance of 32.1 m (95% Cl: 11.6,
52.7; p = 0.002; n = 103) in the IMT group compared with
the sham IMT group. Results for maximal oxygen
consumption (VO;max) and work rate maximum were both
updated in this review but remained not significant for an
overall effect (Table 2.3).

Dyspnea

Four meta-analyses of the Transitional Dyspnea Index (TDI)
and its subscales were performed (Table 2.4). Meta-analysis
of the TDI — Focal Score was updated in this review and
remained significant demonstrating an improvement of 2.6
points (95% Cl: 0.9, 4.2; p=0.002; n=96) with IMT
compared with sham. Three new meta-analyses were per-
formed for the other TDI subscales and demonstrated
a significant improvement in the Functional Impairment
score: 0.7 points (95% ClI: 0.1, 1.3; p=0.02; n= 56);
Magnitude of Task score: 0.7 points (95% Cl: 0.5, 1.0;
p <0.0001; n=56;) and Magnitude of Effort score: 0.5
points (95% Cl: 0.2, 0.7; p<0.0001; n=56) in the IMT
group compared with the sham IMT group.

Quality of life

No meta-analysis for quality of life was possible in the
original review. In this update, both Hill et al.>” and Kop-
pers et al.®® showed data for the Chronic Respiratory
Disease Questionnaire (CRQ) as an outcome measure. Meta-
analysis demonstrated a significant improvement in the
CRQ total score of 0.3 points (95% CI: 0.2, 0.5; p < 0.0001;
n = 69) in the IMT group compared with the sham IMT group
(Table 2.5).

Discussion

For this update, six additional studies were incorporated in
the review, all of which compared targeted, threshold, or
normocapneic hyperventilation IMT to sham [IMT.3*~*
Hence, the update of this systematic review focused on the
sub-group analysis comparing those types of IMT versus
sham IMT. Five of the six new studies were incorporated
into meta-analyses. Of the 16 meta-analyses performed, 14
demonstrated significant effect favouring the IMT inter-
vention compared with sham. Results demonstrated
significant improvements in three measures of inspiratory
muscle strength (Plyax, Plmax % predicted, peak inspiratory



IMT in adults with COPD: A systematic review update

1723

Table 2 Meta-analyses results comparing targeted inspiratory resistive IMT or threshold IMT versus sham IMT

(1) Inspiratory muscle strength
Plmax (cmH,0)2€

Review: Inspiratory Muscle Training in Adults with COPD: A Systematic Review
Comparison: 01 Targeted Inspiratory Resistive IMT or Threshold IMT Versus Sham
Outcome: 01 Maximum Inspiratory Pressure (Pimax) (cmH20)
Study IMT Sham WWMD (random) Weight WMD (random)
or sub-category N Mean (SD) N Mean (SD) 95% Cl % 95% Cl
Belman 1958 8 21.30(5.76) 9 5.00(7.14) - 7.40 16.30 [10.16, 2Z.44)
Larson 1988 10 12.00¢(8.06) 11 7.00({&.60) 1= 7.24 5.00 [-1.234, 1l1.34)
Harver 1989 10 11.00{13.31) 9 3.90(1z.28) T 3.96 7.10 [-4.41, 18.61)
Patessio 1959 e 13.00(6.52) 8 6.00(9.83) - 5.84 7.00 [-1.17, 15.17)]
Kim 1993 40 18.00(5.70) 26 13.00(6.38) - 10.03 §.00 (l1.98, 8.02)
Heijcra 1996 10 2Z.50(5.53) 10 1.50(4.87) - 8.78 21.00 [16.43, 25.587)
Lishoa 1997 10 17.40(5.42) 10 9.00(5.04) - 8.74 8.40 [3.81, 1Z.93]
Villafranca 1998 10 2Z.50(5.80) 10 13.00(7.24) - 7.73 9.50 [3.75, 15.28]
Sanchez 2001 10 21.60(6.70) 10 -1.80(6.96) - 7.53 23.40 [17.41, 29.39)
Ramirez-Sarmiento 02 7 2z.00{11.76) 7 2.00({5.08) — 5.00 20.00 [l0.51, 29.49)
Hill 2006 18 12.00{6.07) 17 5.20(6.486) - 2.01 lz.80 [8.82, 17.08]
Koppers 2006 18 7.00(3.50}) 18 3.00({8.91) - 7.80 4.00 [-2.02, 10.02)
Weiner 2006 14 12.43(0.72) 14 0.86(0.75) L 11.27 11.57 [11.03, 12.11)
Total (95% CI) 171 159 ’ 100.00 11.58 [8.75, l4.42]
Test for heterogeneity: Chi* = 69.36, df =12 (P < 0.00001), F =827%
Test for overall effect: Z = 8.00 (P < 0.00001)
-100 -50 o 50 100
Favours sham  Favours IMT
Plmax (% predicted)®*
Review: Inspiratory Muscle Training in Adults with COPD: & Systematic Review
Comparison: 01 Targeted Inspiratory Resistive IMT or Threshold IMT Versus Sham
Outcome: 18 Maximum Inspiratory Pressure (% predicted)
Studly MT Sham WD (random) Weight WD (random)
or sub-category N Mean (SD) N Mean (SD) 95% Cl % 95% Cl
Heijdra 1936 10 38.70(9.82) 10 3.30(8.41) -= 3z.70 35.40 [27.39, 43.41]
Ramirez-Sarmiento 02 7 21.00(10.4%3) ki 2.00(3.74) - 32.47 19.00 [10.79, 27.21]
Hill 2006 16 21.90(9.19} 17 6.30(8.80) - 34.83 15.60 [3.45, 21.75]
Total (95% CI) 33 34 ’ 100.00 23.18 [l1l.29, 35.07]
Test for heterogeneity: Chi* = 1542, df = 2 (P =0.0004), IF = 87.0%
Test for overall effect: Z = 3.82 (P = 0.0001)
-100 -50 0 50 100
Favours sham  Favours IMT
Peak inspiratory flow rate (L/min)®
Review: Inspiratory Muscle Training in Adults with COPD: A Systematic Review
Comparison: 01 Targeted Inspiratory Resistive IMT or Threshold IMT Versus Sham
Outcome: 17 Peak Inspiratory Flow Rate (Limin)
Study MT Sham WD (random) Weight VAMD (random)
or sub-category N Mean (SD) N Mean (SD) 95% Cl % Q5% Cl
Belman 1988 2 1z.30({13.80) 2 4.00(11.20) T £.80 8.30 [-4.0Z, 20.82)
Weiner 2006 14 14.80(4.38) 14 1.30(3.88) = 94.20 1z.90 [92.84, 15.396]
Total (95% CI) 2z 23 ¢ 100.00 12.63 [9.67, 15.60]
Test for heterogeneity: Chi* = 0.50, df =1 (P = 0.48), IF = 0%
Test for overall effect: Z = 8.34 (P < 0.00001)
-100 -50 0 50 100
Favours sham  Favours IMT
(2) Inspiratory muscle endurance
Respiratory muscle endurance time (minutes)®©
Review: Inspiratory Muscle Training in Adultts with COPD: A Systematic Review
Comparison; 01 Targeted Inspiratory Resistive IMT or Threshold IMT Versus Sham
Outcome: 03 Respiratory Muscle Endurance Time (RMET) (min)
Stucy IMT Sham WD (rancom) Weight WD (random)
or sub-category N Mean (SD) N Mean (SD) 95% ClI % 95% CI
Larson 1988 a 5.40{4.48) 10 1.40(2.00) —_— 18.54 4.00 [0.83, 7.17]
Patessio 1989 8 2.90(1.83) 8 0.60(1.99) — 20.28 2.30 [0.43, 4.17)
Kim 1993 39 1.90{1.05) 23 2.42(Z2.05) = 21.08 =0.5Z [-1.42, 0.38]
Ramirez-Sarmiento 02 7 11.00(3.21) 7 -0.10{1.63) — 19.24 11.10 [2.41, 13.79]
Koppers 2006 18 4.98({1.94) 18 -0.76(1.48) —— 20.9z £.74 [4.62, €.86]
Total (95% CI) 81 66 e 100.00 4.42 [0.66, 8.21]
Test for heterogeneity: Chi* = 115.50, df = 4 (P < 0.00001), I = 96.5%
Test for overall effect: Z = 2.30 (P =0.02)
-10 -5 0 8 10
Favours sham  Favours IMT
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Inspiratory threshold loading (kPa)®¢

Review: Inspiratory Muscle Training in Adults with COPD: A Systematic Review
Comparison. 01 Targeted Inspiratory Resistive IMT or Threshold IMT Yersus Sham
Outcome: 04 Inspiratory Threshold Loading (kPa)
Stucy T Sham WMD (random) Weight VWD (random)
or sub-category N Mean (SD) N Mean (SD) 95% Cl % 85% Cl
Heijdra 1996 10 1.50(0.90) 10 -0.30(0.38) - 18.35 1.80 [1.19, 2.41)
Villafranca 1998 10 1.27(1.16) 10 1.30(0.57) = 15.91 -0.03 [-0.83, 0.77]
Sanchez 2001 10 0.98(0.31) 10 -0.17{0.17) L] 22.30 1.15 [0.93, 1.37]
Ramirez-Sarmiento 02 ? 1.20(4.13) ? 0.27{1.46) —_— z.76 0.93 [-2.3Z, 4.18)
Hill 2006 16 2.88(0.68) 17 0.31(0.84) - 19.38 2.57 [2.05, 3.09)
Koppers 2006 1lg 0.80(0.52) 12 -0.40{0.53) L 21.30 1.20 [0.86, 1.54]
Total (95% CI) 71 72 & 100.00 1.36 [0.79, 1.94)
Test for heterogeneity: Chi* = 38.29, df = 5 (P <0.00001), I* = 86.9%
Test for overall effect: Z = 4.64 (P < 0.00001)
-10 -5 0 5 10
Favours sham  Favours IMT
Maximum voluntary ventilation (MVV) (L/min)
Review: Inspiratory Muscle Training in Adults with COPD: A Systematic Review
Comparison: 01 Targeted Inspiratory Resistive IMT or Threshold IMT Yersus Sham
Outcome: 02 Maximum Voluntary Ventilation (MY) (L/min)
Study IMT Sham WYWMD (random) Weight VWD (rancom)
or sub-category N Mean (SD) N Mean (SD) 95% Cl % 95% Cl
Belman 1985 k=] 8.00(&8.60) 9 2.00(5.83) ——F—>F 44.96 6.00 [-1.07, 13.07)
Harver 1959 10 5.50(8.585) 2 =1.50({5.47) —F&—> 55.04 7.00 [0.61, 13.392]
Total (95% CI) 18 18 ~—eagli- 100.00 6.55 [1.81, 11.23)
Test for heterogeneity: Chi* =004, df =1 (P=0234), F=0%
Test for overall effect: Z = 2.71 (P =0.007)
-10 -5 0 5 10
Favours sham  Favours IMT
(3) Exercise capacity
Maximal oxygen consumption — VOzmayx (L/min)?€
Review: Inspiratory Muscle Training in Adults with COPD: A Systematic Review
Comparison: 01 Targeted Inspiratory Resistive IMT or Threshold IMT Yersus Sham
Outcome: 05 YO2max (Limin)
Study IMT Sham WWMD (random) Wieight WAMD (ranciom)
or sub-category N Mean (SD) N Mean (SD) 95%ClI % 95% Cl
Lisboa 1997 10 =0.07(0.08) 10 0.00(0.08) = 28.39 -0.07 [-0.14, 0.00])
Sanchez 2001 10 =-0.20(0.09) 10 0.04(0.13) - 25.99 -0.24 [-0.34, -0.14)
Ramirez-Sarmiento 02 7 -0.02(0.24) 7 -0.25(0.14) — 16.35 0.23 [0.02, 0.44]
Hill 2006 16 =0.01(0.08) 17 0.02{0.09) = z29.28 -0.03 [-0.09, 0.03)
Total (95% CI) 43 44 100. 00 -0.0§8 [-0.17, 0.07]
Test for heterogenety: Chi® = 21 54, df =3 (P <0.0001), F=861%
Test for overall effect: Z = 0.87 (P = 0.38)
-1 05 0 05 1
Favours sham  Favours MT
Maximum minute ventilation (Vemax) (L/min)
Review: Inspiratory Muscle Training in Adults with COPD: A Systematic Review
Comparison: 01 Targeted Inspiratory Resistive IMT or Threshold IMT Versus Sham
Outcome: 06 Maximum Minute Ventilation (Vemax) (Linin)
Study IMT Sham VWD (rancom) Weight WD (ranclom)
or sub-category N Mean (SD) N Mean (SD) 95% Cl % 95% CI
Lishoa 1997 10 -5.00({23.61) 10 2.00(6.72) — 38.40 -7.00 [-11.77, -2.23)
Sanchez 2001 10 -0.60(4.22) 10 3.00(3.81) —— 61.60 -3.60 [-7.12, -0.08]
Total (95% CI) 20 20 —etiiine— 100.00 -4.91 [-8.15, -1.66]
Test for heterogenety: Chi* =1 .26, df =1 (P =0.26), F = 209%
Test for overall effect: Z = 2.97 (P = 0.003)
-10 -5 i} 5 10

Favours IMT

Favours sham
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Borg scale for respiratory effort (modified Borg scale)®©

Review: Inspiratory Muscle Training in Sdults with COPD: A Systematic Review
Camparison: 01 Targeted Inspiratory Resistive IMT or Threshold IMT Yersus Sham
Outcome: 07 Borg Score for Respiratory Effort
Study IMT Sham VWD (random) Weight WMD (random)
or sub-category Mean (SD) N Mean (SD) 95% CI % 95% Cl
Lishoa 1987 10 -3.20{0.92) 10 =1.00¢(1.00) —. 24.54 -2.20 [-3.04, -1.36]
Sanchez 2001 10 -0.60(4.22) 10 3.00(2.81) ————— 2.70 =-3.60 (-7.12, -0.08]
Hill 2006 16 -0.30(0.84) 17 0.80(0.87) —— 3z.95 =-1.10 [-1.68, -0.52]
Koppers 2006 1z -2.00{0.54) 12 -1.10(0.66) = 39.80 -1.90 [-2.29, -1.51]
Total (95% CI) &4 55 ’ 100.00 -1.76 [-2.35, -1.16]
Test for heterogenety: Chi* = 7.47, df = 3 (P = 0.06), P = 59.8%
Test for overall effect: Z = 5.78 (P < 0.00001)
4 -2 0 2 4
Favours IMT  Favours sham
6-minute walk test (metres)?
Review: Inspiratory Muscle Training in Adults with COPD: A Systematic Review
Comparison: 01 Targeted Inspiratory Resistive IMT or Threshold IMT Versus Sham
Outcome: 14 Six Minute Walk Test (m)
Stucdy T Sham WD (random) Weight WWMD (rancom)
or sub-category N Mean (SD) N Mean (SD) 95% Cl % 95% Cl
Lishoa 1997 10 114.00(50.99) 10 38.00(43.14) —s—P) 17.0S5 76.00 [34.60, 117.40]
Ramirez-Sarmiento 02 7 -12.00(38.78) 7 -Z2.00{61.20) -— 11.60 10.00 [-43.67, 63.67]
Hill 2006 1& 27.10(38.32) 17 5.20(29.20}) —— 3z.18 21.90 [-1.45, 45.25]
Koppers 2006 18 23.00(27.21) 18 -5.00{26.72) — 33.17 28.00 [10.38, 45.62)
Total (95% CI) 51 52 i 100.00 32.13 [11.55, 52.72)
Test for heterogenetty: Chi*=5.79,df =3(P=012),F=482%
Test for overall effect: Z = 3.06 (P = 0.002)
-100 -50 0 50 100
Favours sham  Favours IMT
Work rate maximum (Watts)®©
Review: Inspiratory Muscle Training in Adults with COPD: A Systematic Review
Comparison: 01 Targeted Inspiratory Resistive IMT or Threshold IMT Yersus Sham
Outcome: 13 Work Rate Maximum (Aatts)
Study T Sham WMD (random) Weight WD (rancom)
or sub-category il Mean (SD) N Mean (SD) 95% Cl % 95% Cl
Sanchez 2001 10 3.00(16.00) 10 =7.50{18.00}) 18.74 10.50 [-4.43, 25.43]
Ramirez-Sarmiento 02 7 7.00(10.81) 7 -9.00(12.84) — 21.74 16.00 [3.57, 28.43]
Hill 2006 18 0.00(5.40) 17 4.10{6.86) 3z.023 -4.10 [-2.30, 0.10]
HKoppers 2006 18 3.00(11.86) 18 3.00(12.89) 27.49 £.00 [-2.09, 14.09)
Total (95% CI) s1 5z 100.00 5.78 [-3.84, 15.41)
Test for heterogeneity: Chi* = 14.03, df = 3 (P = 0.003), I = 78 6%
Test for overall effect: Z=1.18 (P=024)
-100 -50 0 50 100
Favours sham  Favours IMT
(4) Dyspnea
Grg g a,c
Transitional dyspnea index — focal score
Review: Inspiratory Muscle Training in Adults with COPD: A Systematic Review
Comparison: 01 Targeted Inspiratory Resistive IMT or Threshold IMT Yersus Sham
Outcome: 08 Transitional Dyspnea Incex (TD) (Focal Score)
Study T Sham WMD (random) Weight WD (random)
or sub-category ] Mean (SD) N Mean (SD) 95% Cl % 95% Cl
Harver 1989 10 3.50(z.50) 2 0.30{0.10) — 18.09 3.20 [1.65, 4.75]
Lishoa 1997 10 3.80(1.90) 10 1.70{1.20) —— 17.65 2.10 [0.42, 2.77)
Sanchez 2001 10 4.70(0.60) 10 0.20(0.11) & 21.36 4.50 [4.12Z, 4.88]
Weiner 2003 8 2.10(0.45) 8 0.20(0.42) - 21.30 1.90 [1.47, 2.33)
Weiner 2004 1z 0.10(0.08) 9 =1.00{0.07) L 21.60 1.10 [1.04, 1.186]
Total (95% CI) 50 46 - 100.00 2.55 [0.82, 4.19]
Test for heterogeneity: Chi* = 319.56, df = 4 (P < 0.00001),F =98.7%
Test for overall effect: Z = 3.06 (P = 0.002)
-10 -5 0 5 10
Favours sham  Favours IMT
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Transitional dyspnea index — functional impairment®-

Review: Inspiratory Muscle Training in Adults with COPD: A Systematic Review
Comparison: 01 Targeted Inspiratory Resistive IMT or Threshold IMT Yersus Sham
Outcome: 19 Transitional Dyspnea Index (TDI) (Functional Impairment)
Study T Sham WWMD (random) ‘Weight WD (random)
or sub-category N Mean (SD) N Mean (SD) 95% Cl % 95% Cl
Harver 1989 10 1.30(0.90) 9 0.10(0.30) —=— 26.86 1.20 [0.61, 1.79]
Weiner 2003 g 0.80(0.10) 8 -0.10¢0.10}) ] 36.53 0.30 [0.80, 1.00]
Weiner 2004 1z 0.40(0.10) 9 0.20(0.10) L] 36.61 0.20 [0.11, 0.29]
Total (95% CI) 30 26 <2 100.00 0.72 [0.14, 1.31]
Test for heterogenetty: Chi® = 115.48, df = 2 (P < 0.00001), * = 98.3%
Test for overall effect: Z=242 (P =002)
-4 2 0 2
Favours sham  Favours IMT
Transitional dyspnea index — magnitude of task®
Review: Inspiratory Muscle Training in Adults with COPD: & Systematic Review
Comparison: 01 Targeted Inspiratory Resistive IMT or Threshold IMT Versus Sham
Cutcome: 20 Transttional Dyspnea Index (TDI) (Magnitude of Task)
Study MT Sham WMD (random) Weight WMD (random)
or sub-category N Mean (SD) N Mean (SD) 5% Cl % 85% Cl
Harver 1989 10 0.80(0.80) - 0.10(0.30) —— 15.34 0.70 [0.17, 1.23)
Weiner 2003 8 0.60(0.13) g 0.00(0.10} -] 41.59 0.60 [0.49, 0.71])
Weiner 2004 1z 0.80(0.10) El -0.10{0.10) El 43.07 0.30 [0.81, 0.99)
Total (95% CI) 30 26 & 100.00 0.74 [0.49, 1.00]
Test for heterogeneity: Chi* =17.07, df = 2 (P = 0.0002), # = 88.3%
Test for overall effect: Z = 5.68 (P < 0.00001)
-4 -2 0 2 4
Favours sham  Favours IMT
Transitional dyspnea index — magnitude of effort®*<
Review: Inspiratory Muscle Training in Adults with COPD: A Systematic Review
Comparison: 01 Targeted Inspiratory Resistive IMT or Threshold IMT Versus Sham
Cutcome: 21 Transttional Dyspnea Index (TDI) (Magnitude of Effort)
Study IMT Sham VAMD (random) Weight WWMD (random)
or sub-category N Mean (SD) N Mean (S0D) 95% Cl % 95% Cl
Harver 1989 10 1.40¢1.10) 9 0.10(0.30) 9.40 1.30 [0.59, z.01)
Weiner 2003 2 0.70(0.13) 2 0.20(0.10) B 44.34 0.50 [0.3%, 0.81)
Weiner 2004 1z 0.50¢0.10) 9 0.20{0.10} | 4€.26 0.30 [0.21, 0.39)
Total (95% CI) 30 26 <4 100.00 0.48 [0.24, 0.72]
Test for heterogeneity: Chi* = 14.03, df = 2 (P = 0.0009), F = 85.7%
Test for overall effect: Z = 3.91 (P < 0.0001)
-4 -2 0 2 4
Favours sham  Favours IMT
(5) Quality of life
Chronic respiratory questionnaire — total score®
Review: Inspiratory Muscle Training in Adults with COPD: A Systematic Review
Comparison; 01 Targeted Inspiratory Resistive IMT or Threshold IMT Versus Sham
Outcome: 23 Chonic Respiratory Disease Questionnaire (CR@) - Total Score
Study IMT Sham WMD (random) Weight WD (random)
or sub-category N Mean (SD) N Mean (SD) 95% CI % 95% CI
Hill 2006 16 0.80(0.28) 17 0.40¢0.33) —l— 44.76 0.40 [0.19, 0.61)
Koppers 2006 1z 0.40(0.32) 12 0.13(0.25) —i— £5.24 0.27 [0.08, 0.46]
Total (5% CI) 34 35 ’ 100.00 0.33 [0.19, 0.47)
Test for heterogeneity: Chi* =083, df =1 (P =0.36), P = 0%
Test for overall effect: Z = 4.61 (P < 0.00001)
-1 -05 0 05

Favours sham  Favours IMT

@ Updated meta-analysis from the original review performed for this update.

 New meta-analysis performed for this update.
¢ Statistically significant for heterogeneity.
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flow rate), three measures of inspiratory muscle endurance
(RMET, inspiratory threshold loading, MVV), three measures
of exercise capacity (Vemax, Borg Score for Respiratory
Effort, 6MWT), four TDI subscales’ scores (focal score,
functional impairment, magnitude of task and magnitude of
effort), and the CRQ. No significant difference in effect was
found for meta-analyses of VO,,.x Or exercise work rate
maximum.

Nine of the 16 meta-analyses were updates of those
performed in the original review, six of which confirmed
findings from the original review, and three that demon-
strated changes in the overall effect on outcomes. The two
meta-analyses for inspiratory muscle strength (Plyax, Plmax
%) in this update reported similar significant improvements
favouring IMT as seen in the original review. Four other
updated findings for outcomes of inspiratory muscle
endurance (inspiratory threshold loading), exercise
capacity (VO,max, Borg Score for Respiratory Effort) and
dypnea (TDI-Focal Score) also were similar to those in the
original review, with all but VO,,ax Showing significant
improvements favouring IMT.

The three updated meta-analyses that changed in
overall effect on outcomes included RMET, work rate
maximum and 6MWT. Meta-analyses results for RMET in this
update changed from no overall effect of IMT in the original
review (WMD: 4.11 min; 95% Cl: —0.6, 8.8) to demonstrating
a significant improvement with IMT compared to sham in
this updated review (WMD: 4.4 min; 95% Cl: 0.7, 8.2).
Updated meta-analysis results for work rate maximum
changed from a significant effect of IMT in the original
review (WMD: 13.8 W; 95% Cl: 4.2, 23.3) to demonstrating
no significant overall effect with IMT compared to sham in
this updated review (WMD: 5.8 W; 95% Cl: —3.8, 15.4).
Finally, most notably, when studies by Hill*” and Koppers*®
were added, updated meta-analysis for the 6MWT distance
changed from no significant overall effect in the original
review to demonstrating a significant increase of 32 m (95%
Cl: 11.6, 52.7) in 6MWT distance among those in the IMT
group compared with the sham IMT group.

These results provide evidence supporting the use of IMT
in persons with COPD. As with the original review, the type
of IMT used is important. This update focused on targeted,
threshold and normocapneic hyperventilation types of IMT
as they ensure or facilitate the attainment of a training
intensity during the training session. This is in contrast to
non-targeted inspiratory resistive trainers that do not
provide a target or means of controlling the breathing
pattern to ensure a sufficient, consistent training intensity.

While these results demonstrate statistical significance
for some outcomes of inspiratory muscle strength and
endurance, exercise capacity, dyspnea and quality of life,
the clinical importance of these findings for persons with
COPD is less clear. For example, a change score in the CRQ
of 0.5 is considered to be a clinically significant small
change, while a change of 1.0 is medium importance and of
1.5 is great importance.*? The difference between the IMT
and sham groups in this meta-analysis was 0.3 points
favouring IMT, which is less than the clinically important
change.

The clinically important difference for 6MWT is reported
to be 54 m.** The updated meta-analysis found an effect
size of 32m which is below the clinically important

difference. However, the Redeilmeier study® found
a difference of 54 m for those who walked an average of
350m. In this systematic review, the average 6MWT
distance was higher for participants in both of the included
studies. In Hill et al.,?” the baseline mean distance on the
6MWT was 446 m increasing to 473 post-training in the IMT
group. Koppers®® reported a baseline 6MWT mean distance
of 512 m improving to 535 m post-training in the IMT group.
Given participants in this review walked further at base-
line, further research is needed to determine whether the
change in outcome was clinically important for the 6MWT.

The clinically important difference in the TDI — Focal
Score is considered to be 1.0.* The updated meta-analysis
found an effect size of 2.6 which is 2.6 times more than the
clinically important difference, suggesting a clinically
important improvement in dyspnea for those in the IMT
group compared with the sham IMT group.

Some patients with severe COPD may not be able to
generate a sufficient flow rate to ensure optimal deposition
of particles using certain inhalation devices.*° Following 8
weeks of training with IMT, Weiner and Weiner® reported
that all patients exceeded the optimal flow rate of 60 L/
min required to use one particular device. A positive
correlation was found between peak inspiratory flow rate
and Plya.>° The significant effect in the updated meta-
analyses for Pl,,x and peak inspiratory flow rate implies
that IMT might facilitate the use of certain inhalation
devices for some patients with COPD.

Results of the review should be interpreted cautiously
for a variety of reasons. The sub-group analysis of this
update is based on a small number of trials (n = 16) that
included a small number of participants (range: 14—112
participants). Further, individual studies were fraught with
withdrawal rates ranging from 0 to 51%. Thus, the overall
findings among those who continued to use IMT might not
reflect the general use of IMT among adults with COPD.

The ability to perform meta-analyses remained limited
due to the breadth of outcome measures used in the trials.
While incorporation of five of the six new studies into the
meta-analyses strengthened the review, most meta-anal-
yses included only 2—6 studies with the exception of the
meta-analysis for Pl that included 13 studies. The meta-
analysis for Pl,ax did not separate studies into those whose
participants presented with poorer inspiratory muscle
strength at baseline and those whose participants pre-
sented with relatively preserved inspiratory muscle
strength at baseline. Doing so may be a consideration for
future research, where a standardized protocol is used and
reported for measuring Pl.,,, and an appropriate or valid
categorization of inspiratory muscle strength is identified.

Two studies included in this update followed partici-
pants for 12 months*®“’ compared with the 24 week
maximum duration of studies included in original review.
This enabled the ability to explore the longer-term
outcomes associated with IMT for persons with COPD.
Similar to the original review, individual studies in the
update continued to include mostly men, as such, findings
should be interpreted cautiously with respect to women
living with COPD. Finally, this review specifically focused on
the effect of targeted, threshold, or normocapneic hyper-
ventilation IMT versus sham IMT. Results exploring
the effect of IMT (either alone or combined with exercise
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and/or pulmonary rehabilitation) compared with other
rehabilitation interventions is published elsewhere.*

Conclusions

Results of this systematic review update suggest that tar-
geted inspiratory resistive, threshold or normocapneic
hyperventilation IMT significantly increases inspiratory
muscle strength and endurance, improves outcomes of
exercise capacity, one measure of quality of life and
decreases dyspnea for adults with stable COPD. However,
the clinical importance of these findings remains unclear.
Further research is needed to explore the impact that
different training protocols (frequency, intensity and
duration of IMT, supervision) may have on outcomes and to
determine the extent to which changes in outcomes asso-
ciated with IMT translate into clinically important
improvements for adults with COPD.
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