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Question: Does inspiratory muscle training improve respiratory muscle strength, functional capacity, lung
function and quality of life of patients with chronic kidney disease? Does inspiratory muscle training imp
rove these outcomes more than breathing exercises? Design: Systematic review and meta-analysis of ran
domised trials. Participants: People with chronic kidney disease undergoing dialysis treatment. Outcome
measures: The primary outcomes were: maximal inspiratory pressure, maximal expiratory pressure, and
distance covered on the 6-minute walk test. The secondary outcomes were: forced vital capacity, forced e
xpiratory volume in the ﬁrst second (FEV 1 ), and quality of life. Results: The search identiﬁed four eligible
studies. The sample consisted of 110 participants. The inspiratory muscle training used a Threshold 1 or P
owerBreathe 1 device, with a load ranging from 3 0 to 60% of the maximal inspiratory pressure and lasting
from 6 weeks to 6 months. The studies showed moderate to high risk of bias, and the quality of the evide
nce was rated low or very low, due to the studies’ methodological limitations. The meta-analysis showed
that inspiratory muscle training signiﬁcantly improved maximal inspiratory pressure (MD 2 3 cmH 2 O, 95%
CI 16 to 29) and the 6-minute walk test distance (MD 8 0 m, 95%
CI 41 to 119) when compared with controls. Signiﬁcant beneﬁts in lung function and quality of life were
also identiﬁed. When compared to breathing exercises, signiﬁcant beneﬁts were identiﬁed in maximal
expiratory pressure (MD 6 cmH 2 O, 95% CI 2 to 10) and FEV1 (MD 0.24 litres 95% CI 0.14 to 0.34), but not
maximal inspiratory pressure or forced vital capacity. Conclusion: In patients with chronic renal failure
on dialysis, inspiratory muscle training with a ﬁxed load signiﬁcantly improves respiratory muscle stre
ngth, functional capacity, lung function and quality of life. The evidence for these beneﬁts may be inﬂu
enced by some sources of bias. Registration: PROSPERO (CRD 4201 50 2 99 86 ). [de Medeiros AIC, Fuzari
HKB, Rattesa C, Brandão DC, de Melo Marinho PÉ (2017) Inspiratory muscle training improves respir
atory muscle strength, functional capacity and quality of life in patients with chronic kidney disea
se: a systematic review. Journal of Physiotherapy XX: XX-XX]
© 2017 Australian Physiotherapy Association. Published by Elsevier B.V. This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction
Chronic kidney disease is characterised by changes in kidney s
tructure or function that are present for > 3 months and classiﬁed
into different stages that take into account the cause, the glomer
ular ﬁltration rate and albuminuria. 1 In end-stage kidney disease,
renal replacement therapy is required to maintain homeostasis o
f metabolic function. The most common method of renal replace
ment is haemodialysis, which is used in the management of over
two million people with kidney disease worldwide. 2,3
People with chronic kidney disease commonly develop uraemic
syndrome, which affects multiple systems, including the respiratory system, with complications such as pleural effusion, pulmonary hypertension, calciﬁcation of lung parenchyma and respirato
ry impairment. 4,5 Also as a result of uraemia, myopathy

and loss of muscle mass are frequent, due to protein-energy wast
ing, which affects up to 75% of dialysis patients. 6 An in-vitro stud
y 7 showed decreased strength of the soleus and diaphragm muscl
es after uraemia induction and an in-vivo study 8 illustrated delay
in latency of the phrenic nerve in patients with chronic kidney di
sease. Thus, people with chronic kidney disease have reduced res
piratory and peripheral muscle strength, and low cardiorespirato
ry conditioning; these complications limit partici- pation in activ
ities of daily living and increase mortality. 9,10
In order to improve the performance of the respiratory muscles,
inspiratory muscle training has been suggested for people with c
hronic kidney disease. 11 Inspiratory muscle training is helpful in s
everal other patient populations, including: pulmonary and heart
disease, 12,13 cardiac surgery,14 thoracic surgery, 15 multiple sclerosis 16 and stroke. 17 Inspiratory muscle training improves respiratory
performance by loading the respiratory system beyond its usual

http://dx.doi.org/10.1016/j.jphys.2017.02.016
1 8 3 6- 9553/© 2017 Australian Physiotherapy Association. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.
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level of work. 18 People with chronic obstructive pulmonary disease
increase the percentage of type I ﬁbres and size of type II ﬁbres in
respiratory muscles after performing inspiratory muscle training. 19
In people with chronic kidney disease, the beneﬁts of aerobic an
d resistance exercise are well established in systematic reviews.
20, 21
Some individual clinical trials of inspiratory muscle training
in haemodialysis patients have identiﬁed favourable effects on c
onditioning and strength of respiratory muscles and a reduction
in complications. 10,22 However, no systematic reviews have estim
ated the effects of inspiratory muscle training on respiratory mu
scle strength, functional capacity, lung function and
quality of life in people with chronic kidney disease.
Therefore, the research questions for this systematic review w
ere:
1. Does inspiratory muscle training improve respiratory muscle s
trength, functional capacity, lung function and quality of life of
patients with chronic kidney disease?
2. Does inspiratory muscle training improve these outcomes more
than breathing exercises?

61

Method

62

Identiﬁcation and selection of studies

63

A search was performed in the databases PubMed, CINAHL, CE
NTRAL, Web of Science, Scopus, LILACS and PEDro. The IBICT bank
of theses and dissertations was also searched. No search restricti
ons were applied regarding year or language of publication. The tri
al register ClinicalTrials.gov was also accessed to search for releva
nt studies. The following key words were used: ‘Renal Insufﬁcien
cy; Chronic’; ‘Kidney disease’; ‘Hemodialysis’; ‘Breathing Exercises’
; ‘Inspiratory Muscle Training’; ‘Respiratory Muscle Training’ and ‘C
linical Trial’; in differentcombinations (see Appendix 1 on the eAdd
enda for the full search strategy).
Two independent reviewers evaluated the titles and abstracts
of articles found in the searches against the eligibility criteria (Bo
x 1). If there were disagreements between reviewers, a third revi
ewer arbitrated. All articles that were considered potentially eligi
ble on review of the title and abstract were obtained in full text.
Each article that was considered eligible for inclusion in the revie
w had its reference list searched for further eligible publications.
Duplicate articles were removed during the assess- ment of the s
tudies’ characteristics.
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Assessment of characteristics of studies
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Quality
The included studies were assessed using the Cochrane Risk of
Bias Tool, which classiﬁes the risk of bias as high, low or unclear.
Risk of bias was considered: high if a methodological procedure
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disease

was not described, unclear if the description was unclear, and low if
the procedure was described in detail.
The Grading of Recommendations Assessment, Developing and
Evaluation (GRADE)23 tool was used to analyse the quality of the
evidence. The GRADE tool considers study limitations, consistency,
targeting, precision and publication bias. The assessment of these
criteria guides the classiﬁcation of the evidence into one of four
quality levels: high, moderate, low and very low.

87

Participants
Studies were included if the participants: were > 18 years old,
had chronic kidney disease stage 5, and were receiving regular h
aemodialysis. The data extracted about the participants were age
and gender.

95

Intervention
The experimental intervention of this research was inspiratory
muscle training with devices a,b that provide a linear load, used in
either the intradialytic or interdialytic phase. The data extracted
about the intervention were the device used, the load used, and the
duration and frequency of training. The control intervention was
either no training or sham training. The comparison intervention
was another breathing exercise.

100

Outcome measures
The primary outcome measures in this systematic review were
respiratory muscle strength and functional capacity. The measures
of respiratory muscle strength were inspiratory and expiratory m
uscle strength, each assessed using manovacuometry and expres
sed in cmH2O. The measure of functional capacity was the distan
ce walked in the 6-minute walk test and expressed in metres.
The secondary outcome measures were lung function and
quality of life. The measures of lung function were: forced vital c
apacity (FVC) and forced expiratory volume in the ﬁrst second (F
EV1); each was assessed by spirometry and expressed in litres. Th
e measure of quality of life was the Kidney Disease Quality of Life
Instrument Short Form questionnaire, which is scored from 0 to
100.

108

Data analysis

123

Two reviewers used standard forms to extract data about the
characteristics of studies. Data for continuous variables were extr
acted, pooled using meta-analysis, and expressed as mean differ
ence with a conﬁdence interval of 95%. The meta-analyses were p
erformed with standard software c and using random effects mode
ls.
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Results

130

Identiﬁcation and selection of studies

131

The search resulted in 169 potentially relevant articles. After r
emoval of duplicates, 96 articles were screened by title and abstr
act, of which 90 were excluded and six were assessed in the fulltext version. Among the articles obtained in full text, one was exc
luded due to its ineligible study design and another due to an ine
ligible intervention (ie, inspiratory muscle training without linea
r load). The remaining four studies were included in the systemat
ic review (Figure 1).

132

Characteristics of the included studies

140

The characteristics of the study are presented in Table 1. The risk
of bias analysis is presented in Figure 2.

141

Box 1. Inclusion criteria.
Design
●Randomised trial
Participants
● Adults (>18 years old)
● Receiving haemodialysis
●Haemodynamically stable
Intervention
● Inspiratory muscle training using linear load
Outcomes
● Primary: pulmonary function, functional capacity
●Secondary: respiratory muscle strength, quality of life
Comparisons
● Inspiratory muscle training versus no or sham
intervention
● Inspiratory muscle training versus breathing exercises

88
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Group similarity at baseline

Selective reporting

Papers excluded after screening of titles and
abstracts (n = 90)

Intention-to-treat analysis

Records screened by title and abstract (n = 96)

tcome data

Low risk of bias U
nclear risk of bias
High risk of bias

come assessors Incomplete ou

Records after duplicates removed (n = 96)
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Records identified thr
ough other sources (
n = 1)

Allocation concealment Blindin

Records identified
through database
searching (n = 169)

Random sequence generation

Research

Figueiredo 2012 22

Potentially relevant papers retrieved for
evaluation of full text (n = 6)

Pellizzaro 2013 10
Soares 2014 24

Papers excluded after evaluation of full text (n = 2)
 ineligible study design (n = 1)
 ineligible intervention (n = 1)

Weiner 1996 11
Figure 2. Risk of bias of the included studies assessed using the Cochrane Risk of
Bias Tool.

Studies included in qualitative synthesis (n = 4)
Studies included in quantitative synthesis (n = 4)
Figure 1. Flow of studies through the review.
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Risk of bias
Regarding randomisation and allocation, the main methodological limitation was lack of clarity about whether randomisation was
achieved through software, random numbers or other methods, c
onstituting high risk of bias. The use of allocation concealment w
as clear in two of the four studies by reporting the use of sealed
and opaque envelopes. The groups were homogeneous at baseline.
Regarding blinding, none of the studies mentioned blinding of par
ticipants or collaborators, constituting high risk of bias. Regardin
g intention-to-treat analysis, all studies excluded losses in the ﬁnal
analysis and so were considered at high risk of bias. Regarding sel
ective reporting, the study by Figueiredo et al 2 2 was considered to
have unclear risk of bias because the control group was only asse
ssed at baseline, preventing comparison with patients in the insp
iratory muscle training group at the end of the study; however, t
he other active intervention group (ie, respiratory biofeedback)
was used as a breathing exercise comparison group. The other t
wo studies 10, 24 were assessed as

having unclear risk of selective reporting bias because the results
of the Kidney Disease Quality of Life Instrument questionnaire w
ere only presented as those dimensions that had a statistical diff
erence, and not all the dimensions of the questionnaire.

161

Participants
The four included studies had a total of 110 participants,
including both genders and ages between 19 and 78 years old. All
studies were performed in people with chronic kidney disease st
age 5 who were receiving regular haemodialysis.

165

Intervention
Three studies 10, 11,22 used a Threshold a device and one study 24
used a PowerBreathe b device to apply the training load to the res
piratory system; all calculated the load in accordance with the va
lue of maximal inspiratory pressure (MIP), which was assessed b
y manovacuometry. Soares et al 2 4 used a load of 30% of MIP, Figu
eiredo et al 2 2 used 40% of MIP, Pellizzaro et al 10 used 50% of MIP a
nd Weiner et al 11 started with a load of 15% of MIP, gradually incre
asing up to 60% of MIP, maintaining this percentage to the end of tr
aining. The duration of training also varied among the studies: So
ares et al 24 used three series of 10 repetitions, Pellizzaro et al 10 us
ed three series of 15 repetitions, Figueiredo et al 2 2 used

170

Table 1

Q3 Summary of included studies (n = 4).
Study
Weiner

Participants
11

Figueiredo

n =2 0

22

Age (yr) = 2 2 to 7 8
Gender = 2 8 (SD 4)
n = 41
Age (yr) = 21 to 6 0

Pellizzaro 1 0

Gender = 2 4 M, 17 F
n =3 9
Age (yr) = 19 to 6 9

Soares 2 4

Gender = 2 3 M, 16 F
n =3 4
Age (yr)>18

Intervention

Outcome measures

Exp = inspiratory muscle training at 1 5 to 60% of MIP, 6 0 mins during
3 haemodialysis/wk x 1 2 wks, threshold device a
Con = sham training

● Functional capacity

Exp 1 = inspiratory muscle training at 40% of MIP, 2 0 mins during 3 haemodialysis
sessions/wk x 6 wks, threshold device a
Exp 2 = respiratory biofeedback to generate a target of 3 0 cmH 2 O pressure (about
40% of MIP) during inspiration without resistance, 2 0 mins during 3 haemodialysis
sessions/wk x 6 wks
Con = no intervention
Exp 1 = inspiratory muscle training at 50% of MIP, 1 5 breaths x 3 sets ( 1 - mi n rests)
during 3 haemodialysis sessions/wk x 1 0 wks, threshold device a
Exp 2 = peripheral muscle training at 50% of 1RM, knee extensions x 3 sets ( 1 - mi n
rests) during 3 haemodialysis sessions/wk x 1 0 wks
Con = no intervention
Exp 1 = inspiratory muscle training at 30% of MIP, 1 0 to 1 4 breaths x 3 sets ( 1-mi n
rests) during 3 haemodialysis sessions/wk x 6 mths, threshold device b
Exp 2 = incentive spirometry ( 2 breathing exercises, diaphragmatic breathing and
inspiration) during 3 haemodialysis sessions x 6 mths

● Lung function

Gender = 3 4 M

● Respiratory muscle strength

● Respiratory muscle strength

● Lung function
● Functional capacity
● Respiratory muscle strength
● Quality of life
● Lung function
● Respiratory muscle strength
● Quality of life

Con = control group, Exp = experimental group, F = female, M = male, MIP = maximal inspiratory pressure, 1RM = one repetition maximum.
1
a
Threshold inspiratory muscle training device, Respironics, Pittsburgh, PA, USA.
1
b
PowerBreathe inspiratory muscle training device, IMT Technologies Ltd, Birmingham, UK.
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20 minutes and Weiner et al 11 used 1 hour. All studies adminis- t
ered the training during dialysis sessions, with a frequency of thr
ee times a week. The total duration of the intervention period ra
nged from 6 weeks to 6 months.
In the two studies that compared inspiratory muscle training to
control, one study 11 performed sham inspiratory muscle training,
consisting of the same exercise regimen but with an unloaded de
vice a, and the other study 10 did not provide any intervention to t
he control group.
The other two studies compared inspiratory muscle training to
a form of breathing exercise. One of these studies 22 performed re
spiratory biofeedback, while the other study 24 performed incenti
ve spirometry.
Outcome measures
The variable inspiratory muscle strength was measured in all
studies through manovacuometry. 10,11,22,24 Three studies 1 0, 22, 24 m
easured expiratory muscle strength through manovacuometry an
d lung function via spirometry as forced vital capacity (FVC) and f
orced expiratory volume in the ﬁrst second (FEV1). Functional ca
pacity was measured in two studies with the 6-minute walk test.
10,11
Quality of life was assessed in two studies using the Kidney Dis
ease Quality of Life Instrument Short Form questionnaire. 10,24 This
questionnaire is analysed in four domains (symptoms, sleep, pain
and energy), each of which is rated from 0 (worst) to 100 (best).

Effect of inspiratory muscle training
Respiratory muscle strength
Two studies 10,11 reported the effect of inspiratory muscle
training on maximal inspiratory pressure, with a pooled sample of
45 participants. When compared to control (sham or no intervention), inspiratory muscle training improved maximal inspiratory
pressure by an average of 23 cmH 2O (95% CI 16 to 29), as presented
in Figure 3. A more detailed forest plot is available in Figure 4 on
the eAddenda.
One study 10 reported the effect of inspiratory muscle training
on maximal expiratory pressure (MEP), providing data on 25 part
icipants. MEP improved by an average of 26 cmH 2O more with in
spiratory muscle training than control, which was statistically sig
niﬁcant (95% CI 21 to 32).
Functional capacity
Two studies, 10,11 both of which compared inspiratory muscle t
raining to control, reported data for the 6-minute walk test as a
measure of functional capacity in a total of 45 participants. Inspir
atory muscle training caused a signiﬁcant improvement in functi
onal capacity, with a mean difference of 80 m (95% CI 41 to 119),
as presented in Figure 5. A more detailed forest plot is available i
n Figure 6 on the eAddenda.

MD (95% CI)
Random
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MD (95% CI)
Random
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Pellizzaro
Weiner
Pooled
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–250
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0
(m)
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500

Favours IMT

Figure 5. Mean difference (95% CI) in 6- mi nute walk distance ( m) due to inspiratory
muscle training, estimated by pooling data from tw o studies (n = 45).
Con = control, IMT = inspiratory muscle training.

Lung function
Lung function was reported in one study 10 of inspiratory muscle
training versus control, providing data on 25 participants. Inspira
tory muscle training improved FVC signiﬁcantly more than contr
ol, with a mean difference of 0.70 litres (95% CI 0.53 to 0.87). FEV
1 was not measured in that study.

229

Quality of life
One study 10 reported the effect of inspiratory muscle training
on quality of life, providing data on 25 participants. Three domains
of the Kidney Disease Quality of Life Instrument Short Form ques
tionnaire improved signiﬁcantly more with inspiratory muscle trai
ning than with control: sleep (p < 0.001), pain (p < 0.001), and en
ergy (p = 0.003). The data published in the study do not permit cal
culation of conﬁdence intervals.
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Inspiratory muscle training versus breathing exercises

243

Respiratory muscle strength
Two studies 22, 24 reported the effect of inspiratory muscle
training on maximal inspiratory pressure, with a pooled sample of
65 participants. When compared to the breathing exercises group
(biofeedback or incentive spirometry), inspiratory muscle training
did not signiﬁcantly improve maximal inspiratory pressure, with a
mean difference of 1 cmH 2O (95% CI —25 to 26), as presented in
Figure 7. A more detailed forest plot is available in Figure 4 on the
eAddenda.
Two studies 22, 24 reported the effect of inspiratory muscle train
ing on MEP, providing data on 65 participants. Participants who
underwent inspiratory muscle training showed a signiﬁcant incr
ease in MEP after the completion of inspiratory muscle training wh
en compared to breathing exercise, with an average difference of
6 cmH 2O (95% CI 2 to 10), as presented in Figure 8. A more detail
ed forest plot is available in Figure 9 on the eAddenda.
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Figure 3. Mean difference (95% CI) in maximal inspiratory pressure (cmH 2 O) due to
inspiratory muscle training, estimated by pooling data from tw o studies (n = 45).
Con = control, IMT = inspiratory muscle training.

Figure 7. Mean difference (95% CI) in maximal inspiratory pressure (cmH 2 O) with
inspiratory muscle training versus breathing exercises, estimated by pooling data
from two studies (n = 65).
BE = breathing exercises, IMT = inspiratory muscle training.
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Lung function
Lung function was reported in two studies 22, 24 of inspiratory
muscle training versus breathing exercises. These studies reported
data for FVC and FEV1 in 65 participants. FVC did not increase in t
he inspiratory muscle training group compared to breathing exer
cises, with a mean difference of 0.24 litres (95% CI —0.01 to 0.49),
as presented in Figure 10. A more detailed forest plot is available i
n Figure 11 on the eAddenda. However, FEV1 did increase in the ins
piratory muscle training group compared to breathing exercises,
with a mean difference of 0.24 litres (95% CI 0.14 to 0.34), as presen
ted in Figure 12. A more detailed forest plot is available in Figure 1
3 on the eAddenda.
Quality of life
One study 24 reported the effect of inspiratory muscle training
on quality of life, providing data on 34 participants. The data pub
lished in the study do not include or permit calculation of the bet
ween-group difference.

277

GRADE assessment

278

According to the GRADE assessment, the outcomes functional
capacity, MEP and lung function showed low-quality evidence, due
to limitations in the studies and ‘no directionality’. The MIP outco
me showed very low quality of evidence because it lost an additi
onal point due to inconsistency (Tables 2 and 3).
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Figure 8. Mean difference (95% CI) in maximal expiratory pressure (cmH 2 O) due to
inspiratory muscle training, estimated by pooling data from two studies (n = 65).
BE = breathing exercises, IMT = inspiratory muscle training.

260

MD (95% CI)
Random

Study

Discussion
This review identiﬁed that in patients with chronic renal failure
on haemodialysis, inspiratory muscle training induces signiﬁcant
beneﬁts in respiratory muscle strength, functional capacity, lung
function and quality of life. The four studies included in this syste
matic review showed important methodological limitations and
heterogeneity among studies (such as the training load and durat
ion of the sessions). The evidence for those beneﬁts is therefore l
ow or very low quality. Although this is the ﬁrst systematic revie
w evaluating the use of inspiratory muscle training in this populati
on, reviews on inspiratory muscle training in patients with COPD
12
and congestive heart failure 13 populations, who also develop we
akness in respiratory muscles, have already identiﬁed beneﬁts of
inspiratory muscle training. Therefore, recognising that the evide
nce is low quality, the substantial effect sizes noted in the presen
t review suggest that inspiratory muscle training may be worthw
hile for people with chronic kidney disease.
In chronic kidney disease, loss of muscle mass is a signiﬁcant
and common problem that affects activities of daily life, and is as
sociated with quality of life and mortality rate. 25 The loss of musc
le mass is due to the protein-energy wasting, which includes syst
emic protein reduction and reductions in skeletal muscle mass an
d body mass. 6 Among the factors that are associated with muscle

–2

Favours BE

0
(L)

2

4

Favours IMT

Figure 10. Mean difference (95% CI) in forced vital capacity (l) due to inspiratory
muscle training, estimated by pooling data from tw o studies (n = 65).
BE = breathing exercises, IMT = inspiratory muscle training.
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2

4

Favours IMT

Figure 12. Mean difference (95% CI) in forced expiratory volume in the ﬁrst second
(FEV1 ) (l) due to inspiratory muscle training, estimated by pooling data from tw o
studies (n = 65).
BE = breathing exercises, IMT = inspiratory muscle training.

weakness in this population are: vitamin D deﬁciency, anaemia,
hypophosphatemia and malnutrition. 26 Sarcopenia is considered a
predictor of morbidity and mortality in patients with chronic kid
ney disease; the reduced muscle strength becomes a debilitat- in
g symptom in chronic kidney disease and a sedentary lifestyle ac
ts as a determining factor of the disease. 9, 27 Thus, exercise is an e
ffective alternative for reducing the potentially negative effects of
dialysis. 28
Systematic reviews 20, 21, 29 evaluating aerobic and resistance
exercise in patients with chronic kidney disease have demonstrated its beneﬁts in improving strength, exercise capacity, functional
capacity, cardiac dimensions and quality of life. This evidence sug
gests that exercise should be undertaken for > 30 minutes/ sessio
n and three times/week; 20 moreover, if used during haemodialysi
s, the exercise should be performed in the ﬁrst two hours. 21 A ra
ndomised, controlled trial also illustrated that exercise, in additi
on to being effective, is safe in this population, with no major ad
verse events reported in 12 months of training. 9 However, many o
f these aspects of using inspiratory muscle training have not yet
been evaluated.
The speciﬁc training of respiratory muscles may be a useful
alternative for patients with chronic kidney disease because the c
onditioning and strengthening of respiratory muscles can delay t
he complications of loss of muscle mass. 22 Inspiratory muscle tra
ining should be delivered with a ﬁxed load (ie, ﬂow is dependent u
pon a pre-set pressure being achieved) to ensure strong activation
of the inspiratory muscles. 30 Its achievement may result in effects
like phenotype modiﬁcation of the respiratory muscles, increased
respiratory muscle strength and endurance. 31
This review identiﬁed that inspiratory muscle training
improves inspiratory muscle strength when compared to the non
-performance of exercises (sham or control), with an important eff
ect (MD 22 cmH2O, 95% CI 16 to 29), corroborating the results of s
ystematic reviews in COPD. 13,32 However, when the inspiratory m
uscle training was compared to breathing exercises, there were
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Design

(n)

Risk of

Inconsistency

Participants

Indirectness

Imprecision

Other

bias

Effect

IMT

Con

Absolute

(n)

(n)

effect (95% CI)

Quality

Importance

Inspiratory muscle strength (follow-up mean 11 w eek s; measured with manuvacuometer; range of scores 0 to 3 0 0 ; better indicated by lower values)
2

RCTs

serious a

serious b

no serious

no serious imprecision

none

21

24

inconsistency

21

24

OO

important

( 28. 75 to 16.31 lower)

low

MD 80. 06 higher
(41.18 lower to
118.95 higher)

OO
low

important

Quality

Importance

Con = no-intervention, IMT = inspiratory muscle training.
a
Limitations of randomisation, allocation, blinding and intention-to-treat.
b
Differences in training (load and duration).

Table 3
Quality of evidence using the GRADE approach (inspiratory muscle training versus breathing

exercises).

Quality assessment
Studies (n)

Design

Risk of bias

Inconsistency

Participants
Indirectness

Imprecision

Other

Inspiratory muscle strength (follow-up mean 15 w eek s; measured with manuvacuometer; range of scores 0 to 3 0 0 ; better indicated
2
RCTs
serious a
very serious b
serious c
serious d
none

IMT (n)
by lower values)
35

Expiratory muscle strength (follow-up mean 15 w eek s; measured with manuvacuometer; range of scores 0 to 3 0 0 ; better indicated by higher
no serious in
2
RCTs
serious a
serious c
no serious
none
35
consistency
imprecision
Forced vital capacity (follow-up mean 15 w eek s; measured with spirometer; range of scores 0 to 5 ; better indicated by higher values)
no serious in
2
RCTs
serious a
serious c
no serious
none
35
consistency
imprecision
Forced expiratory volume in 1 second (follow-up mean 15 w eek s;
2
RCTs
serious a
serious e

Absolute effect (95% CI)

30

MD 0. 56 lower
( 26. 38 lower to 25. 27 higher)

OOO
very low

important

30

MD 6. 07 higher
( 2. 26 lower to 9. 89 higher)

OO
low

important

30

MD 0. 24 higher
( 0. 01 lower to 0. 49 higher)

OO
low

important

MD 0. 24 higher
( 0. 01 lower to 0. 49 higher)

OOO
very low

important

values)

measured with spirometer; range of scores 0 to 4 ; better indicated by higher values)
serious c
no serious
none
35
30
imprecision

BE = breathing exercises, IMT = inspiratory muscle training.
a
Limitations of randomisation, blinding and intention-to-treat.
b
Heterogeneity is considerable (I 2 = 82%).
c
Differences in training (load and duration) and breathing exercises (incentive spirometer or respiratory
d
Wide conﬁdence interval.
e
Heterogeneity is moderate (I 2 = 52%).

biofeedback).

Effect

BE (n)
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Functional capacity (follow-up mean 11 w eek s; measured with 6 - mi nute walk te st; range of scores 0 to 7 0 0 ; better indicated by higher values)
no serious
no serious imprecision
none
2
RCTs
serious a
serious b
inconsistency

MD 22. 53 lower

G Model

6

Quality assessment
Studies

JPHYS 319 1–
8
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Table 2
Quality of evidence using the GRADE approach (inspiratory muscle training versus control/sham).
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no signiﬁcant difference in their effects on MIP. There was high h
eterogeneity for this outcome (I 2 = 87%), which was probably due t
o different interventions used in the breathing exercise groups.
Although it does not apply a load to the expiratory muscles, i
nspiratory muscle training signiﬁcantly increased MEP by 26 cm
H 2O more than control (95% CI 21 to 32). This may reﬂect that str
onger inspiratory muscles are able to bring the thorax to a more
expanded position in preparation for the MEP measurement man
oeuvre. This more expanded position would mean greater elastic
recoil of the lungs and chest wall, which may have boosted the M
EP data. This does not explain the greater MEP in the trials where
inspiratory muscle training was compared to breathing exercises
because in these trials, the effects on MIP did not signiﬁcantly dif
fer between the groups. Although statistically signiﬁcant, the diff
erence in MEP was much smaller (MD 6 cmH 2O, 95% CI 2 to 10), s
o this may be a Type I error.
Studies in COPD 13,33 show that, in addition to increasing
respiratory muscle strength, inspiratory muscle training improved
functional capacity, exercise capacity, dyspnoea and quality of life.
A similar broad range of beneﬁts was also apparent in the present
review, where there was improvement in functional capacity ass
essed by the 6-minute walk test (MD 80 m, 95% CI 41 to 119) and F
VC (MD 0.70 litres, 95% CI 0.53 to 0.87). A signiﬁcant effect on FEV1
was only seen in the trials with breathing exercises as the compa
rison intervention.
The 6-minute walk test is a submaximal exercise test of low cost
and easy application that has been widely used in patients with c
hronic diseases as a predictor of mortality or to evaluate an inter
vention. In chronic kidney disease, there have been no reports of t
he minimum clinically important difference for the 6-minute wal
k test. However, a cohort study with 52 chronic renal patients ill
ustrated that survival increased approximately 5% for every 100
m walked in the 6-minute walk test. 3 4, 3 5 Although difference in t
he distance walked in this study was 80 m, the lack of studies ev
aluating the minimum clinically important difference in this pop
ulation make it difﬁcult to conclude that this difference has a cli
nical impact on kidney patients. Conversely, the magnitude is als
o much larger than the effects of whole-body exercise training st
udies in other chronic disease populations, which seems counteri
ntuitive.
Although clinical trials in other populations 36–38 have reported
beneﬁts from daily inspiratory muscle training, the studies in the
present review opted for completion of the training only in the i
ntradialytic period (ie, a frequency of three times a week). Theref
ore, there is a gap in the literature on the beneﬁts of increased tr
aining frequency in this population.
Regarding the limitations of the included studies, moderate to
high risk of bias was observed. Factors that contributed to the risk
of bias were the unspeciﬁed randomisation procedures, no menti
on of allocation concealment in some studies, and no use of blind
ing. The small number of participants in the analysed studies also
limited the results of this review. Other important limitations we
re due to the implementation of inspiratory muscle training (dur
ation and training load) and different control groups or breathing
exercises, which may have justiﬁed the heterogeneity of results in
inspiratory muscle strength outcome.
It is recommended that further clinical trials investigate inspir
atory muscle training in chronic renal failure patients, with impr
oved methodological rigor. Such trials could also help to reﬁne ho
w inspiratory muscle training should be prescribed.
Low-quality evidence suggests that inspiratory muscle training
can provide strengthening of respiratory muscles, improving func
tional capacity and lung function in chronic renal failure patients
on dialysis. Due to the low number of included articles and the var
iation in interventions used, current evidence shows a limited gu
ide to this physical therapy practice.
In conclusion, inspiratory muscle training improves maximal r
espiratory pressures, lung function, functional capacity and qualit
y of life in patients with chronic renal failure who are receiving
haemodialysis. However, these promising ﬁndings are

based on evidence that is limited in its amount and quality. New
clinical trials should be conducted with larger sample size, more
rigorous control of source of potential bias, and the inclusion of o
ther outcomes such as adverse effects.
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W hat is already k n o w n o n t hi s topic: Inspiratory muscle
training improves inspiratory muscle strength and functional
capacity of patients with chronic diseases such as heart failure
and chronic obstructive pulmonary disease.
W hat t hi s s t udy adds: Inspiratory muscle training improves
maximal respiratory pressures, lung function, functional capacity and quality of life in people with chronic renal failure
who are receiving haemodialysis. However, these promising
findings are based on evidence that is limited in its amount and
quality.
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Supplementary data associated with this article can be found, in
the online version, at http://dx.doi.org/10.1016/j.jphys.2017.02.016.
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