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Background: To compare the effects of inspiratory muscle training (IMT) and deep breathing training (DBT) in patients with
chronic renal failure.

Materials and Methods: Seventy-five participants were recruited from outpatient’s hemodialysis units. Individuals were divided
into three groups; IMT, DBT and sham training (ST). The IMT group was requested to perform the Threshold Loader load of 40%
of the maximal inspiratory pressure (MIP) in a set of 15 times for three sets, at 60 seconds intervals. In addition, the DBT group
performed three sets of 15 inspirations with the of rate inspiration: expiration ratio (1: 1.5) and interval 60 seconds. Besides, the
ST group was required to use the Threshold Loader load of 0% of the MIP 15 times for three sets, interval 60 seconds. These
interventions were created for three days a week for eight weeks of the training program. The respiratory muscle strength and six-
minute walk test (6MWT) were examined before and after intervention program.

Results: After intervention program, the inspiratory muscle strength was statistically significant differences between groups of
IMT and ST (Δ24.10+8.13 cmH2O). Further, increased MIP values were observed between before and after intervention in both
IMT and DBT groups (Δ12.44+3.55 cmH2O and Δ12.22+3.33 cmH2O, respectively). In addition, six-minute walk distance (6MWD)
was a difference between before and after training in IMT group (Δ24.78+8.89 meters).

Conclusion: Improved inspiratory muscle was reported in both IMT and DBT groups. A significant improvement in 6MWD was
observed in only IMT group.
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Globally, chronic renal failure (CRF) is a major
problem disease and related to high economics of burden of
CRF in Thailand. In addition, the higher incidence rate of
CRF is associated with age(1). It has been known that decreased
muscle strength has been observed in CRF patients compare
to healthy people, in particular respiration muscles(2). A
reduction in size of type I and type II fibers, impairment in
oxygen consumption and transportation and decreased protein
synthesis caused by uremic syndrome which is related to
fluid, electrolyte imbalance, and metabolic abnormalities(3).
Therefore, physical performance, functional exercise capacity,
muscle strength and muscle endurance are decreased in

patients with CRF(4).
Breathing exercise is one of the basic physical

therapy treatment to improve pulmonary ventilation. Deep
breathing exercise, a conservative physical therapy treatment,
is a breathing technique aiming to reduce dead space ventilation
and renews air throughout the lungs(5). Deep breathing exercise
induces parasympathetic tone, reduces sympathetic system
thereby increases cardiorespiratory functions and functional
exercise capacity(6,7). Another technique to increase
cardiorespiratory function and functional capacity is
inspiratory muscle training which increased respiratory
muscle strength by using loading technique. It has been
reported that respiratory muscle training in CRF patients
could increases respiratory muscle strength and thereby
increase functional exercise capacity. However, little is
known the effect of different breathing training (i.e.,
inspiratory muscle training and deep breathing training) in
Thai patients with CRF. Therefore, the study aimed to
determine the effect of inspiratory muscle training and deep
breathing training on respiratory muscle strength and
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functional exercise capacity in CRF patients who are receiving
hemodialysis.

Materials and Methods
According to the study of Figueiredo et al(4), the

effect size was set 0.4, and the statistical power was 0.8.
Therefore, 66 participants were recruited into three groups
(i.e., inspiratory muscle training, deep breathing training
and sham training). However, to account for dropout, totally
75 participants were recruited in the study. 46 male and 29
female participants with an average 50.85+12.00 years (range
30 to 75 years old) were enrolled in the study. They had been
diagnosed end stage renal disease at stage 5 and receiving
hemodialysis more than three months, undergoing
hemodialysis three times a week. Participants who had
resting systolic blood pressure greater than 200 mmHg
and/or diastolic blood pressure greater than 120 mmHg,
neurological problems (e.g., stroke, head injury),
musculoskeletal problems, uncontrolled pulmonary disease,
psychiatry problems and cognitive disorders were excluded
in the study. Individual who had been unable to follow the
instruction more than three times of the training program or
decided to stop the program were terminated from the study.
The protocol was approved from the Ethic committee of
Thammasat University and Thammasat University Hospital.
The participant information sheets and consent form were
given to all participants.

Prior to the intervention program, maximal
inspiratory pressure (MIP) and maximal expiratory pressure
(MEP) were measured by a mouth pressure meter
(Micromedical generation, Carefusion company, United
Kingdom). According to the American Thoracic Society
protocol, participants were asked to exhale completely to

residual volume and take a deep breath in fast and forceful
and hold on 1.5 seconds; this could be defined as MIP. For
the MEP, participants take a deep breath to total lung
capacity and exhale fast and forceful and then hold on 1.5
seconds(8). Participants were requested to repeat these tests
three to five times and choose maximal value of three times
difference less than 10 cmH

2
O. In addition, all participants

were asked to perform 6-minute walk test, which represents
to functional exercise capacity. This test was performed
according to the American Thoracic Society (2002). Blood
pressure, heart rate, oxygen saturation and rating perceived
exertion (RPE) were reported before and after testing.

A simple randomization was used to divide the
participants into three groups (i.e., inspiratory muscle
training, deep breathing training or sham training). Regarding
the inspiratory muscle training program, it has been found
that several studies commonly asked the participants
underwent the inspiratory muscle training program with an
established load of 40% of the MIP(4,13). Therefore, the
present study requested the participants to perform by using
the POWER breath K5 (England) at loading of 40% of the
MIP in a set of 15 times for three sets, at 60 seconds intervals.
Deep breathing training group was performed three sets of
15 inspirations and interval resting between each breath
60 seconds. The sham training group was asked to perform
breathing normally with the POWER breath K5 (England) at
loading of 0% of the MIP, 15 times/sets, for three sets and
interval for 60 seconds. These participants were requested
to perform the intervention program for three days per week.
After four weeks, MIP was reevaluated for load adjustment
(Figure 1).

Kolmogorov-Smirnov (Goodness of fit) test was
used for test of distribution data. Two-way mixed ANOVA

Figure 1. The flow chart enrolls the participants in the present study.
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Inspiratory muscle Deep breathing Sham training p-value
training (n = 23) training (n = 23) (n = 22)

Gender (M/F)    18/5    15/8    10/12
Age (years)    54.87+12.27    48.89+11.99    48.55+10.94 0.132
BMI (kg/m2)    25.51+4.26    23.24+3.48    23.63+4.34 0.135
Duration of HD (years)       6.93+5.67       4.26+4.98       6.09+4.03 0.183
MIP (cmH2O)    67.43+32.91    57.04+25.27    54.45+24.38 0.258
MEP (cmH2O)    67.26+25.83    66.70+33.11    68.50+29.44 0.978
6-MWD (meter) 359.30+79.35 404.43+88.99 376.05+138.89 0.344

M = Male, F = Female, BMI = Body mass index, HD = Hemodialysis, MIP = Maximal inspiratory pressure, MEP = Maximal expiratory
pressure, 6-MWD = 6-minute walk distance

Table 1. Characteristics data among three groups (n = 68)

(time [2] X type [3]) was performed to evaluate the effect
of respiratory muscle strength and functional exercise
capacity in differences of breathing training, pre and post
training within group with a confidence interval (CI) of
95%. The data analysis was calculated with SPSS program
version 20. The statistically significance is set p-value less
than 0.05.

Results
Seventy-five participants in this study were divided

into three groups. Two participants in the inspiratory muscle
training group were unable to complete the program because
of their sickness. Two volunteers in the deep breathing
training group refused to participant because of busy and
three others were preparing for kidney transplant in the sham
group. Thus, 68 participants (82.67%) in this study were
reported with an average age of 50.79+14.95 years, 42
(61.76%) participants were male and 26 (38.24%)
individuals were female. An average body mass index was
24.13+4.11 kg/m2 with the duration of hemodialysis was
5.76+5.01 years. There were no significant differences among
three groups in all variables prior to the intervention program
(Table 1).

Respiratory muscle strength and functional capacity
before and after intervention program

After training program, there were significant
differences between groups of inspiratory muscle training
and sham training (Δ24.10+8.13 cmH

2
O, 95% CI = 7.855 to

40.339, p = 0.005, ηp2 = 0.120). However, the MIP values
were no significant differences between deep breathing training
and the sham training (Δ13.92+8.13 cmH

2
O, 95% CI -2.319

to 30.165, p = 0.092). In addition, the MIP values increased
in inspiratory muscle training group and deep breathing group
(Δ12.44+3.55 cmH

2
O, 95% CI = 5.350 to 19.519, p<0.001,

ηp2 = 0.159 and Δ12.22+3.33 cmH
2
O, 95% CI = 5.558 to

18.576, p = 0.001, ηp2 = 0.171 respectively). According to
the MEP, neither inspiratory muscle training nor deep
breathing training were significant improved MEP (p>0.05).

Regarding the functional capacity, significance
differences were not observed in three groups after

intervention program (p>0.05). The 6-minute distance
increased in only the inspiratory muscle training
(Δ24.78+8.89, 95% CI = 7.035 to 42.530, p = 0.007, ηp2 =
0.107) after an eight week intervention program, but not in
the deep breathing training (Table 2).

Discussion
The study aimed to explore the effect of inspiratory

muscle training, deep breathing training on respiratory muscle
strength and functional exercise capacity (i.e., 6-minute
walk test) among CRF patients. It was found that compare
to the sham group, increased MIP values were noted in only
inspiratory muscle training, but not in the deep breathing
training. In addition, after an eight-week intervention
program, MIP values and 6-minute walk distance increased
in inspiratory muscle training. Furthermore, improved
MIP values were observed in deep breathing training
group.

Increased MIP values in inspiratory muscle training
after intervention program was found in the present study,
which is consistent with other studies(4,9). It has been known
that loss of muscle mass in CRF patients is the main problem
that affects quality of life and activity of daily life(10,11).
The reduction of systemic protein and skeletal muscle mass
leads to loss of muscle mass. In addition, Kosmadakis et al(12)

assumed that inspiratory muscle training could increase
Type I and type II muscle fibers in cross-sectional areas.
Further, it has been also shown that inspiratory muscle
training could increases in the proportion of show fibers
and also in the size of the fast fibers(13). It was also reported
that exercise training results in transformation of fibers from
fast fibers to slow fibers also opposite transformation(13).
Therefore, inspiratory muscle training could be reduced muscle
atrophy and improved muscle strength.

However, only one study reported that inspiratory
muscle training was not significant increased after eight
weeks(14). It might be due to insufficient intensity of training
program; they increased duration time but not increasing
load training whereas the other programs increased the
intensity of inspiratory muscle training e.g., increasing from
threshold at 40% to 50% of MIP. Therefore, the protocol of
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inspiratory muscle training could affect the inspiratory muscle
strength.

According to the deep breathing training, several
studies revealed that the relationships between deep breathing
training and the MIP values; those reports the deep
breathing training could be an increase inspiratory muscle
strength(15-17). Rachatakarn et al(17) studied the effect of slow
and deep breathing on respiratory muscle strength in healthy
participants. They found that in the experimental group
(i.e., deep breathing) had a higher MIP values compared
with control group. They claimed that it might be the effect
of an increase in diaphragm contraction and increase in lung
inflation. Similarly, Jaju et al(15) examined the effect of
pranayama breathing (i.e., deep breathing exercise) between
patients with chronic obstructive pulmonary disease
(COPD) and healthy group. These individuals were requested
to perform inhale slowly for 6 seconds and also exhale
slowly for 6 seconds. After 12 weeks deep breathing training
program, MIP values significantly increased (Δ21.2 cmH

2
O)

in only the healthy group but not in the COPD group. Iranzo
et al(16) examined the effect of inspiratory muscle training and
yoga breathing (deep breathing was performed by slow and
deep breathing) in older people with five days per week for
nine weeks. The result found that increased inspiratory muscle
strength was shown in both inspiratory muscle training and
yoga training (Δ8 cmH

2
O, and Δ17.1 cmH

2
O, respectively).

They suggested that decreases in respiratory muscle strength
in older adults is due to the reduction of costovertebral joint
mobility and the degradation of muscle fiber. Therefore, yoga
breathing (i.e., deep breathing) could improve expansion of
chest wall and increase in muscle length-tension resulting in
an increased inspiratory muscle strength in elderly people.
Santaella et al(18) examined the effect of yoga training
(i.e, deep breathing) in elderly people for four months.
Again, MIP values improved after training program (Δ14
cmH

2
O). Deep breathing training is taking deep inspiration

and slow exhalation resulting to decreasing respiration
rate and that might have engaged in slow fibers(13). However,
the reason underlying the indirect improvement in MIP values
caused by deep breathing is unclear, a possible reason is that,
at least in part, due to a long inspiration and expiration
that contribute to increased muscle length-tension and
increased lung expansion resulting to inspiratory muscle
strengthening. In addition, it should be noted that those
studies reported in only healthy participants (including older
people). Here, this is a first study that focused on the effect
of deep breathing training in CRF patients; therefore, future
studies need evidence to support the relationships between
deep breathing training and cardio-respiration function in
CRF.

Regarding to the functional capacity, 6-minute walk
distance was increased in inspiratory muscle training group
after eight weeks intervention program. The minimum
clinically important difference (MCID) for 6-minute walk
distance in the present study was 24.78 meters.

The other studies reported that MCID of 6-minute
walk test in CRF patients that was changed in 65.5 meters
after 10 weeks intervention program(19). Likewise, Silva et
al(14) found the 6-minute walk distance was increased
estimated 102 meters after two months intervention. Here,
the duration of study was only eight weeks which is shorter
than previous studies(14,19); therefore, this may reflect
differences in the duration of intervention program and
6-minute walk distance. Further, a small change in the present
study was observed in eight-week inspiratory muscle training
program compared to other studies. This is might be a small
changes in MIP values after training program (Δ12.44 cmH

2
O)

compared to Pellizzaro et al (Δ22.5 cmH
2
O)(19) and de Silva

et al (Δ50.1 cmH
2
O)(14). Therefore, it might be in part, explain

small changes in 6-minute walk distance.
A systematic review with two studies (a total of

45 individuals compared between inspiratory muscle training

Inspiratory muscle Deep breathing Sham training (n = 22)
training (n = 23) training (n = 23)

Baseline MIP (cmH
2
O)    67.43+32.91***a    57.04+25.67**c    54.45+24.38

Post-intervention MIP (cmH
2
O)    79.87+32.11***a, *b    69.26+23.93**c    55.77+25.78 *b

Δ MIP (cmH
2
O)    12.44+3.55    12.22+3.33       1.32+3.63

Baseline MEP (cmH
2
O)    67.26+25.83    66.70+33.11    68.50+29.44

Post-intervention MEP (cmH
2
O)    71.39+27.06    72.74+24.25    66.32+25.18

Δ MEP (cmH
2
O)       4.13+4.62       6.04+4.62     -2.18+4.72

Baseline 6-MWD (meter) 359.30+79.35*a 404.43+88.99 376.05+138.89
Post-intervention 6-MWD (meter) 380.09+85.69*a 410.48+82.94 374.09+126.98
Δ 6-MWD (meter)    24.78+8.89       6.04+8.89     -1.96+9.09

The data are expressed as mean + SD
MIP = Maximal inspiratory pressure, MEP = Maximal expiratory pressure, 6-MWD = 6-minute walk distance
* p<0.01, ** p<0.001, *** p<0.001; a, b, c significant mean differences

Table 2. Respiratory muscle strength and functional capacity values before and after training (n = 68)
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and control group), the mean difference of 80 meters with
95% CI 41 to 119(20). However, the present study reported
the effect of inspiratory muscle training and deep breathing
training on functional capacity, with sample size of 68 CRF
patients. When compared to the breathing training
(inspiratory muscle training or deep breathing training),
walking distance did not significantly improvement in either
inspiratory muscle training or deep breathing training group
compared to the sham group. Therefore, a number of
participants might be a consideration.

The present study found that neither inspiratory
muscle training nor deep breathing training were a differences
in sham group. It might be functional exercise capacity is
influenced by the capacity of respiratory and cardiovascular
systems to provide muscles with oxygen during exercise.
Therefore, increases in respiratory muscle strength might
not be able to increase functional exercise capacity. Further,
several studies reported that lower limb strength (e.g.,
quadriceps muscle) is associated with the 6-minute walk
distance(21-23). As mention previously, patients with CRF
have demonstrated uremic myopathy and affects cardio-
respiratory function and musculoskeletal muscle function
including peripheral muscle. Therefore, further studies need
to examine the peripheral muscle strength.

The study has certain limitation that need to be
taken into account. The study did not investigate performance
of lower extremity muscle in particular quadriceps muscle
that might associated with 6-minute walk distance. In addition,
gender has been reported the association with respiratory
muscle strength. Female gender in the sham group was higher
compared to others groups (i.e., inspiratory muscle training
and deep breathing training). Therefore, respiratory muscle
strength in the sham group might be lower than other groups
at baseline. Further, participants had a wide range of age
(aged between 30 to 75 years). Thus, heterogeneity of age
grouping and gender might be a confounding factor. Finally,
the duration of intervention program should be a
consideration which might effect on the cardiorespiratory
function in CRF patients; difference in duration difference in
the changes in cardiorespiratory function.

What is already known on this topic?
Decreased respiratory muscle strength has been

observed in chronic renal failure patients compare to healthy
people. Uremic syndrome leads to a reduction in size of type
I and type II fibers, impairment in oxygen consumption and
transportation and decreased protein synthesis. Inspiratory
muscle training has evidenced to increase cardiorespiratory
function and functional capacity in chronic renal failure
patients who are receiving hemodialysis. However, deep
breathing exercise has been also reported to improve
respiratory performance and functional capacity in other
conditions. Furthermore, these studies were examined in
Western countries. However, little is known the effect of
different breathing training (i.e., inspiratory muscle training
and deep breathing training) in Thai patients with chronic
renal failure.

What this study adds?
An increased in inspiratory muscle strength was

noted in inspiratory muscle training among patients with
chronic renal failure compared to sham group. In addition,
improved inspiratory muscle strength could be found in
both inspiratory muscle training and deep breathing training
after 8-week intervention program. However, only
inspiratory muscle training could improve functional capacity
after training program but not in deep breathing training.
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