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Abstract
Objective: To evaluate the impact of inspiratory muscle training (IMT) on the quality 
of life, immune response, inspiratory and lower limb muscle strength of older adults. 
Method: A randomized clinical trial was conducted with 30 institutionalized older adults. 
They were allocated into two groups: the IMT group (n=15), which underwent IMT 
with PowerBreathe Classic, using a load of 60% of maximal inspiratory pressure (MIP). 
This was performed using a 30 repetition protocol, three times a week, for six weeks. 
The second group was the control group (n=15) which did not perform any type of 
therapeutic intervention. In both groups, MIP, lower limb strength by sit-up test, 
quality of life by the SF-36 questionnaire and C-reactive protein (CRP) were evaluated. 
Results: The results demonstrated the homogeneity between the groups regarding the 
demographic and clinical variables. The IMT group showed an increase in the variation 
of MIP (9.20±7.36 cmH2O) compared to the control (0.93±8.79 cmH2O). Improvement 
was also observed in the sitting and standing test (p<0.05) (Tukey Test) in the difference 
between the values   before and after the IMT. In terms of quality of life, two of the eight 
SF-36 domains were influenced by the IMT, namely: functional capacity and limitations 
due to physical factors. There were no changes in CRP in either group. Conclusion: IMT 
improved the inspiratory muscle strength, lower limb strength and quality of life of 
institutionalized older adults. These findings reinforce the contribution of this therapy 
to reducing the deleterious effects of aging.
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INTRODUC TION

Aging is a natural process and brings with it a 
series of adaptations and changes to various bodily 
systems. The alterations to the immune system that 
arise from aging are known as immunosenescence 
and cause physiological changes, resulting in an 
increased incidence of infectious diseases, morbidity 
and mortality in older adults1,2.  

One of the main consequences of the aging 
process is the decline in overall muscle strength, 
which has a direct impact on functional capacity and 
the performance of activities of daily living among 
this population group. The reduction in muscle mass 
and strength does not depend on the presence of 
diseases, but is accentuated in older adults affected 
by diseases that limit their mobility3. Respiratory 
muscle weakness alone is a major limiting factor for 
the deterioration of physical fitness, as it triggers 
changes in lung function, reduced muscle strength 
and dyspnoea4. 

It has previously been reported that physical 
exercise in the older population generates a series 
of benefits, such as increased functional capacity, 
the reduced incidence of infections, improved 
cardiovascular conditioning, and enhanced muscle 
fiber and quality of life2. In general, regular 
physical exercise induces a local and systemic anti-
inflammatory state in the body, enabling adaptations 
and protection against chronic inf lammatory 
pathologies5

Aerobic physical activity generates systemic 
benefits, including gains in respiratory muscle 
strength. Inspiratory muscle training (IMT) has been 
shown to have a direct relationship with the functional 
autonomy of older adults3,6. The gain in respiratory 
muscle strength improves the physical performance 
of such individuals, increasing maximum oxygen 
consumption during effort and reducing muscle 
fatigue. This results in an improvement in muscle 
quality and a reduction in the deleterious effects 
on the respiratory muscles caused by sarcopenia. 
The functional capacity of older adults is therefore 
enhanced, resulting in greater independence in 
activities of daily living with an improvement in 
quality of life7,8.

Physical activity, through aerobic training, is 
established as the main non-medication based 
treatment for curbing the effects of the inflammatory 
processes common to aging. A new trend for treating 
this specific population is using devices capable 
of generating inspiratory load, bringing benefits 
to the pulmonary system. IMT can be performed 
with several types of devices, where the individual 
in training performs forced inspirations against an 
imposed load, aiming at improving lung function, 
inspiratory muscle strength and thoracoabdominal 
mobility, and is considered an efficient and safe 
physiotherapeutic resource6,9,10. 

With global population aging, the number of 
active older adults in society has progressively 
increased, making the physiological alterations of 
this population of particular interest11,12. It is believed 
that IMT contributes to minimizing the damage 
caused by aging, reducing inflammatory markers and 
increasing respiratory muscle strength, functionality 
and quality of life. The present study therefore aimed 
to assess the impact of IMT on respiratory strength, 
lower limb strength, immune response and quality 
of life in older adults.

METHOD

A controlled and randomized clinical trial was 
performed involving participants living in four 
Long-Term Care Facilities (LTCFs) in the city of 
Recife, Pernambuco, Brazil, who previously signed 
Informed Consent Forms (ICF) to confirm their 
participation in the study. The study protocol was 
published in the Brazilian Registry of Clinical Trials 
(or ReBEC), under number RBR-7g4dhr and met 
the CONSORT guidelines for clinical trials. This 
study was approved by the Ethics and Research 
Committee of the Health Sciences Center of the 
Universidade Federal de Pernambuco (the Federal 
University of Pernambuco) under decision number 
2.264.422 and complied with Resolution nº 466/2012 
and nº 510/2016. 

The sample calculation was performed using the 
WinPepi program (PEPI-for-Windows) based on 
the following criteria: 95% confidence interval and 
a sampling error of five percentage points. Based on 
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the total number of 40 older adults who underwent 
IMT in a study by Iranzo et al.13, a standard deviation 
of seven percentage points and a sample loss of 30% 
in the same study, a minimum sample of 13 older 
adults was calculated. 

As inclusion criteria, adults over the age of 65, of 
both sexes, residents of the LTCFs, who were healthy 
and agreed to participate in the research were included 
in the study. Older adults were excluded from the 
study if they did not understand any of the steps 
of the proposed protocols, had a body mass index 
above 35 mL/kg² or had some degree of orthopedic 
or neurological limitation that made it impossible 
to perform the tests. Even after randomization and 
the start of the research protocol, some participants 
were excluded from the study if they had any of the 
following criteria: changes in LTCF, missing two 
consecutive sessions or five sessions in total over 
the six weeks, suffered from a disease that prevented 
the training from being carried out or expressed a 
willingness to discontinue the study. 

C-reactive protein (CRP) was assessed through 
the collection of peripheral blood by a qualified 
nursing professional. Patients eligible for the study 
underwent venous blood collection before the start of 
the protocol and after six weeks. The blood collected 
was distributed in vacuum tubes, identified and taken 
for CRP analysis in a specialized laboratory. 

Inspiratory muscle strength was assessed through 
maximum inspiratory pressure by the MVD300 
digital manometer (GlobalMed), in the sitting 
position, with a 90º angle between the torso and 
the thighs. Participants were instructed on how to 
perform the maneuver, which was demonstrated in a 
practical manner by the evaluator. All measurements 
started from the residual volume to the maximum 
inspiration of the participant, in a rapid, forced 
manner, inhaling through a mouthpiece while using 
a nose clip. In the system applied, a small hole was 
used to attenuate the interference of the glottis in 
the measurement. Up to five consecutive maneuvers 
were performed, three of which were required to be 
considered acceptable, without leaks and lasting more 
than two seconds. Of the acceptable maneuvers, at 
least two were to be reproducible, with values that did 
not vary from the highest value by more than 10%. 

The highest value was used for evaluation criteria. 
The exact value of the register was measured at the 
peak pressure of the maneuver. The values were 
subsequently analyzed and compared with specific 
reference values for age and sex14.  

To assess the strength of the lower limbs, 
the Sit to Stand Test (SST) was performed. Each 
participant was positioned in the center of a chair, 
with their spines erect, feet fully supported on 
the floor and arms crossed against the chest; they 
were instructed to perform sitting and standing 
repetitions, alternating between fully standing 
and sitting, without the support of their hands. 
Participants were encouraged to perform as many 
repetitions as possible over a 30-second period. 
The final result was determined by counting the 
number of times the participant performed the 
movement of sitting and standing correctly. The 
number of repetitions, age and sex were considered 
when predicting a satisfactory test result15. 

To evaluate quality of life, the Medical Outcomes 
Study 36-item short-form health survey (SF-36) 
questionnaire was used. This was applied in the form 
of an interview, always by the same evaluator, with all 
participants evaluated in isolation, guaranteeing the 
confidentiality of their answers. The questions were 
read by the evaluator as many times as requested and 
the participant was instructed to select only one of the 
alternatives presented to them. After the questionnaire 
was applied, the scores were calculated, where the 
values of the questions were transformed into scores 
for eight domains, ranging from 0 to 100, where 0 = 
the worst and 100 = the best possible status for each 
domain16. As with the other stages of the evaluations, 
the quality of life questionnaire was carried out before 
and after the six-week protocol period.

Randomization for participation in the groups 
was carried out using the web site http://www.
randomization.com. Participants were randomized 
into two groups: the IMT Group, where the six-week 
IMT protocol was applied, and the control group where 
only the initial and final evaluations were performed, 
without any type of physical therapy intervention, 
over the same time period as the intervention group. 

Participants in the IMT group underwent 
inspiratory muscle training, using an inspiratory 
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pressure resistor from the PowerBreathe Classic® 
series. Participants were instructed to perform forced 
and rapid inspirations through their mouths and 
were encouraged to reach their maximum inspiratory 
capacities17. The load used for the IMT was equivalent 
to 60% of the maximum inspiratory pressure (MIP), 
with an adaptation period, where the initial load was 
20% of MIP on the first day, 40% on the second 
day and 60% on the third day until the end of the 
protocol. Each session consisted of 30 repetitions of 
consecutive forced inspirations through a mouthpiece 
connected to the device. Participants used a nose clip 
while performing the training to avoid any leakage 
of air that would decrease the effort expended. 
Initially, the participants were instructed to remain 
seated in the chair, at a 90º angle, in an upright and 
comfortable position. They were advised to perform 
the 30 maximum inspiration repetitions in a row, 
although they were allowed to stop to rest, for as 
brief a time as possible, if necessary. Each inspiratory 
effort was initiated from the residual volume and 
the participant was instructed to maximize the 
inspiratory volume with each repetition. The total 
training time was six weeks, with three sessions of 30 
repetitions performed on alternate days each week: 
Mondays, Wednesdays and Fridays18. 

Descriptive analysis of the data obtained was 
performed, showing the mean and standard deviation 
for each analyzed variable. The T test was used 
to compare the mean and standard deviation of 
the two groups studied and analysis of variance 
(ANOVA) was used for the comparative analysis of 
the parametric data obtained in the evaluation of the 
treatment effect, with the Tukey test applied for the 
comparison of the means of the delta values (Δ) (after 
confirming the normal distribution of the sample 
with the Shapiro-Wilk test). For delta calculation, 
the values obtained in the post-training moment 
were subtracted from the data obtained in the pre-
training moment. (Δ= Final – Initial). The level of 
significance adopted was 5% (p<0.05). To compare 
the before and after results each group, the Wilcoxon 
nonparametric test was used. All conclusions were 
taken at the 5% significance level. 

RESULTS

While a total of 54 potential older adult 
participants met the inclusion criteria, 22 exhibited 
some of the exclusion criteria and so only 32 
individuals were included in the research. However, 
two participants were unable to complete the 
training protocol due to presenting a criteria for 
discontinuing the research. Therefore, only 30 older 
adults completed the analysis, being distributed as 
follows: control group (n=15), where the participants 
did not undergo any type of therapy during the six 
week protocol; and the IMT group (n=15), where a 
protocol for strengthening the inspiratory muscles 
was performed using the PowerBreathe Classic for 
six weeks. The order of entry into the groups was 
made randomly. 

Figure 1 shows a flowchart for the selection and 
allocation of participants in the study.

Table 1 shows the demographic variables of the 
patients in each of the groups evaluated, control 
and IMT, shown in mean and standard deviations. 

 Figure 2 describes the initial and final values of 
inspiratory muscle strength based on MIP values, as 
well as the variation between the two after the six 
weeks of the study protocol. A difference ( p<0.05) 
was observed between the before and after variation 
values of the IMT group and those of the control 
group. There was no difference in the MIP values 
expected for age and sex.

In relation to the SST, there was a difference 
(p<0.05) in the variation values before and after the 
IMT. The group that received the training recorded 
a greater variation in the number of times they sat 
and stood in 30 seconds than the group without 
training. Figure 3 shows the behavior and variation 
in the SST before and after the protocol period.

Figure 4 shows the behavior of the variation in 
the CRP serum concentration between the groups 
before and after six weeks. The training protocol 
did not alter the variation in CRP.
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Figure 1. Flowchart of allocation of participants. Pernambuco, Brazil.

Table 1. Mean and standard deviation of age and sex of patients in the studied groups.

Variables Control
(n %)

IMT 
(n %)

p

Sex
Male
Female

13 (86.6%)
2 (13.3%)

11 (73.3%)
4 (26.6%)

0.37

Age (mean ± sd) 76.33 ± 9.79 80.33 ± 7.71 0.42
Data expressed as mean ± standard deviation; Comparison between the two groups, T test.
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Data expressed as mean ± standard deviation; Comparison before and after for each group - Tukey test.

Figure 2. Mean and standard deviations of PiMax (cmH2O) obtained during the initial and final evaluation of 
the control (CON) and inspiratory muscle training (IMT) groups. Pernambuco, Brazil.

Data expressed as mean ± standard deviation; Comparison before and after for each group - Tukey test.

Figure 3. SST means obtained during the initial and final evaluation of the control (CON) and inspiratory muscle 
training (IMT) groups. Pernambuco, Brazil.
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In terms of quality of life, two of the eight domains 
of the SF-36 were influenced by the training, namely: 
functional capacity, before (56.33±17.78) and after 
(62.33±19.54) the IMT (p=0.0009), and limitations 
due to physical aspects, before (66.00±31.36) and 
after (71.00±29.71) the IMT (p=0.0384). 

DISCUSSION

The present study showed that the six-week IMT 
protocol increased inspiratory muscle strength, an 
effect noted following the improvement in MIP 
observed in the trained group in comparison with 
the control group. The improvement in MIP is in 
line with most studies that evaluate the effects of 
IMT in healthy older adults, and is based on the 
increased motor unit recruitment during the period 
of muscle training8,13,16,18. 

In a study carried out by Feriani et al.19, gains in 
respiratory muscle strength were observed in just 
seven sessions of IMT with a spring resistor device in 
a group of 16 older women with metabolic syndrome. 
This study used a load of 30% of MIP, and each 
session consisted of 45 minutes of training. In the 
present study a relatively high load was used, but 
only 30 repetitions were applied, and in general the 
participants succeeded in carrying out the training. 
There is no consensus in literature regarding the 

load and the number of repetitions used in IMT. It 
is assumed that low loads for longer periods of time, 
or a greater number of repetitions, are suitable for 
improving muscle endurance, while higher loads 
with fewer repetitions are suitable for increasing 
muscle strength16,18. 

A gain in respiratory muscle strength was also 
observed in the study by Pascotini et al.20, this time 
with a daily protocol over 12 consecutive days. Flow 
and volume incentive spirometry devices were used, 
and both were able to improve the strength outcome. 
On average, three sets of 12 repetitions per day were 
performed. This protocol can be used mainly by 
individuals with good cognitive ability who can train 
without supervision. 

It is possible that the specific exercise of the 
inspiratory musculature leads to changes in the 
structure of these muscles, with an increase in 
the synthesis of the contractile proteins actin and 
myosin, generating a greater capacity to generate 
strength. In addition, conditioning and resistance 
result in increased levels of oxidative enzymes, 
lipid reserve, glycogen and number of capillaries. 
Through the load imposed on these muscles, changes 
in cellular architecture occur in direct proportion to 
the stimulus generated, a key factor in curbing the 
effects of sarcopenia in older adults19,21,22. 

Data expressed as mean ± standard deviation; Comparison before and after for each group - Tukey test.

Figure 4. CRP measurements obtained during the initial and final evaluation of the Control (CON) and inspiratory 
muscle training (IMT) groups. Pernambuco, Brazil.
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An increase in SST performance was observed in 
the IMT group after six weeks of training. It is known 
that exercise improves physical fitness in older adults, 
which is reflected in improved performance in tests 
of peripheral muscle strength and functionality23. The 
improvement in the final test result when compared 
to the control group corroborates the work carried 
out by Fonseca et al.6, where institutionalized older 
adults presented an increase in functional capacity 
assessed by the 6-minute walk test (6MWT), after 
undergoing IMT with the use of the volume incentive 
spirometer for ten weeks. Although this device is 
not a widely used IMT resource, it can provide a 
non-linear pressure load that favors the increased 
recruitment of motor units resulting, in improved 
inspiratory muscle strength24.

In another study evaluating the effects of IMT in 
patients undergoing dialysis, Silva et al.25 found that 
eight weeks of training with a load of 40% of IMP 
were sufficient to improve the distance covered in the 
6MWT. Plentz et al.26, also observed improvement 
in the 6MWT and in MIP after 12 weeks of IMT 
in cardiac patients. Although most studies use the 
6MWT to assess functional capacity in older adults, 
Silva et al.25 observed that the SST showed a positive 
correlation with the 6MWT, proving to be a safe 
and easy tool for older adults, in addition to being 
comparable to the 6MWT in predicting functional 
condition in this population. 

The explanation found for the improvement of 
peripheral muscle strength parameters, even when 
only the inspiratory muscles are trained, is based 
on the attenuation of the phenomenon known as 
metaboreflex. Inspiratory muscle metaboreflex is 
a response mediated by the sympathetic nervous 
system, where there is vasoconstriction in the 
skeletal muscles during exercise, limiting physical 
performance by reducing blood flow to the active 
muscles26. When the respiratory muscle is conditioned 
through IMT, there is an increase in oxygen supply 
to the peripheral muscles during exercise, improving 
performance and tolerance27-29. 

In the present study, the CRP levels remained 
constant after the six-week period, both in the IMT 
group and the control group. In literature, no studies 
were found that associated breathing exercises with 

serum protein concentration. In a study carried 
out by Agostinis-Sobrinho et al.30, the association 
between physical activity and CRP was evaluated 
in 386 adolescents, and no correlation between the 
variables was observed, with the age group studied 
and the absence of reference values in this population 
possible justifications. In a study conducted with 
adults aged between 40 and 70 years of age with 
metabolic syndrome, it was observed that the practice 
of weight training and walking for one hour and 
thirty minutes, three times a week, for 12 weeks, was 
sufficient to reduce CRP levels compared to baseline31. 

Mills et al.18, meanwhile, submitted 17 individuals 
to an IMT program for eight weeks and, although 
MIP values increased at the end of the training period, 
no changes in the concentration of inflammatory 
cytokines in the blood were recorded. This result 
can be justified by the fact that the respiratory 
muscle mass represents only approximately 3% of 
total body weight, and the increase in its workload is 
not sufficient to alter the systemic concentration of 
cytokines and, consequently, of CRP. It is important 
to note that although CRP is the main inflammatory 
marker used today, conditions such as bacterial or viral 
infections can increase protein synthesis, in an acute 
manner, changing its serum value in blood analysis32.

The improvement in quality of life with the 
practice of physical activity is clearly established 
in the literature. Scherer et al.33, observed an 
improvement in quality of life, assessed through the 
SF-12 questionnaire, after an IMT protocol of eight 
weeks, with training five times a week, in patients 
with COPD. On the other hand, Gomes et al.34, in 
a study that evaluated respiratory muscle strength, 
quality of life, degree of dependence and functional 
capacity in institutionalized older adults, found no 
correlations between these variables. The justification 
for these results was attributed to the transversal 
character of the study.

In isolation, IMT did not result in an improvement 
in the majority of the domains of the SF-36 quality 
of life questionnaire in the present study. However, 
the two domains that exhibited improvement in 
the group that received the IMT were related to 
functionality: functional capacity and physical 
limitations. The older adults reported through the 
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questionnaire that they had improved in these aspects 
over the six weeks of training, that is, they were 
able to perform more activities of daily living. It is 
likely that the improvement in respiratory muscle 
conditioning reduced the negative effect of the 
metaboreflex in these individuals, causing them to 
have fewer episodes of physical limitation6,16,27. 

It should be noted that the profile of the studied 
population refers only to institutionalized older 
adults, which may be directly related to the findings 
of the study. Although LTCFs are appropriate care 
environments for this population, it is possible that 
progressive muscle loss occurs in comparison to the 
population of the same age group that maintains 
more active lifestyle habits. Often the environment of 
these facilities does not offer sufficient incentives to 
avoid a sedentary lifestyle, accentuating sarcopenia35.

From the results obtained, it is clear that for 
healthy older adults IMT, if performed regularly, 
can contribute not only to improving the strength of 
the inspiratory muscles, but is related to peripheral 
muscle strength and, consequently, to improvements 
in the quality of life of this population, representing a 
safe and effective practice. As limitations of the study, 
the fact that all participants are institutionalized older 
adults, as well as the small sample size, may have 
interfered with the final results. Another important 

negative factor was the use of C-reactive protein as a 
marker in the evaluation of immune response, since 
other factors may be determinants for changes in 
the serum level of this protein.

CONCLUSION

In view of the results presented, we can conclude 
that six weeks of inspiratory muscle training was able 
to improve inspiratory muscle strength, increase the 
strength of the lower limb muscles through the Sit 
to Stand Test and improve the functional capacity 
and limitations by physical factors domains of the 
SF-36 quality of life questionnaire. These findings 
reinforce the contribution of this therapy in reducing 
the harmful effects of aging. 

No significant changes in C-reactive protein 
were found. Although there was no protective effect 
against inflammation as expected, it can be said 
that inspiratory muscle training did not generate 
any new or harmful inflammatory processes in this 
population, and can be considered a safe procedure. 
It is suggested that new studies are carried out with 
different training protocols and a larger population, 
thus contributing to a better understanding of the 
real needs of this group.

Edited by: Ana Carolina Lima Cavaletti
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