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ABSTRACT

Objectives: The purpose of the study was to validate the effectiveness of inspiratory muscle training (IMT) in preventing poststroke 
sarcopenia and to examine the impact of IMT on the prognosis for stroke recovery.
Patients and methods: In the randomized controlled trial, 367 patients with a first stroke event between December 2021 and 
May 2023 were randomly allocated to an experimental group and a control group. Of the patients, 329 (179 males, 150 females; 
mean age: 61.0±8.7 years; range, 35 to 78 years) completed the experiment and were included in the analyses (experimental group, 
n=164; control group, n=165). Both groups received conventional neurological rehabilitation treatment, and the experimental group also 
received IMT. The incidence of poststroke sarcopenia and pneumonia during four weeks of treatment were examined and compared. 
Additionally, an analysis was conducted on the variations between the two groups in maximal inspiratory pressure (MIP), modified 
Rankin scale (mRS), trunk impact scale (TIS), and modified Barthel index (MBI).
Results: Following four weeks of therapy, the experimental group experienced a reduced incidence of poststroke sarcopenia (p=0.004) and 
pneumonia (p=0.017) than the control group. The trial group performed better than the control group in MBI (p=0.002), TIS (p<0.001), 
MIP (p<0.001), and mRS (p=0.011) scores after intervention.
Conclusion: In conclusion, the findings demonstrate that early IMT can significantly lower the risk of poststroke sarcopenia and 
pneumonia while also improving the prognosis for stroke patients’ recovery.
Keywords: Activities of daily living, inspiratory muscle, sarcopenia stroke.

Stroke is one of the significant diseases 
threatening human health, characterized by high 
incidence, high disability rate, and high mortality 
rate. After a stroke, the skeletal muscles are 
frequently severely damaged. Roughly two-thirds 
of stroke patients suffer varying levels of motor, 
cognitive, emotional, and social dysfunction, 
severely affecting their quality of life. Additionally, 
stroke negatively affects the efficiency of coughing 
and respiratory muscle function,[1] increasing the 
likelihood of aspiration and pneumonia and resulting 
in longer hospitalization, higher mortality, and worse 
functional outcomes.

Age is a prevalent factor in primary sarcopenia, a 
gradual, systemic skeletal muscle disease characterized 

by decreased skeletal muscle mass, inadequate muscle 
strength, and physical dysfunction. Secondary 
sarcopenia, on the other hand, is a condition that can 
develop as a result of certain systemic disorders and is 
unrelated to aging. Poststroke sarcopenia is the term 
used to describe the secondary sarcopenia that follows 
a stroke. Earlier studies have shown a 50% prevalence 
of poststroke sarcopenia in the first month and 34% 
after six months,[2] with an average prevalence over 
the first six months of 46.7±0.49%.[3] Its occurrence is 
related to factors such as poststroke dyskinesia, eating 
disorders, inf lammation, sympathetic activation, 
denervation, and neuropathic pain.[4] After a stroke, 
sarcopenia can exacerbate the impairment that stroke 
victims already face and have an impact on their 
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capacity to walk independently, maintain balance, and 
carry out everyday tasks. Improvements in poststroke 
sarcopenia can minimize hospitalization time and 
improve the patient's capacity to carry out routine 
activities.[5]

The stroke mostly impacts the contralateral 
corticospinal system, resulting in diminished strength 
in the contralateral limbs and trunk muscles, which 
includes the respiratory muscles. Studies have shown 
average reductions of 21.4±0.5% in the hemiplegic 
diaphragmatic activity in stroke patients compared 
to that in normal people,[6] and the baseline average 
inspiratory muscle strength of subacute stroke patients 
was found to be only 46±7 cmH2O.[7] Research has 
demonstrated a significant correlation between the 
strength of the respiration muscles and the strength 
of the limb muscles.[8] Indicators of sarcopenia, such 
as limb muscle strength and the skeletal muscle 
index, are positively associated with the respiratory 
muscle strength of healthy individuals, particularly the 
inspiratory muscle strength, and negatively correlated 
with the occurrence of sarcopenia. Reductions of 
1 cmH2O in maximal inspiratory pressure (MIP) 
and maximal expiratory pressure can increase the 
probability of sarcopenia by 8 and 7%, respectively.[9] 
Studies have shown that sarcopenia, a complication 
of chronic obstructive pulmonary disease (COPD), 
can be mitigated by 28% with the implementation of 
inspiratory muscle training (IMT).[10] Therefore, IMT 
may be useful in preventing poststroke sarcopenia.

However, little is known about how IMT affects 
patients with stroke. The objective of this study was 
to investigate the potential of IMT in decreasing the 
occurrence of poststroke sarcopenia. Additionally, 
the study aimed to analyze the impact of IMT 
on the rehabilitation prognosis of stroke patients, 
enhance the early rehabilitation program for stroke, 
improve the efficacy of rehabilitation, and minimize 
poststroke disability.

PATIENTS AND METHODS

The study design employed was a prospective, 
single-blind, randomized controlled experiment. The 
patients were assigned to the two groups using a 
stratified random method based on their sex and 
age, with a cutoff of 65 years. A total of 700 patients 
who had suffered from strokes were screened from 
the Peoples Hospital of Deyang City, Department of 
Rehabilitation Medicine, Department of Neurology, 
and Department of Neurosurgery between December 
2021 and May 2023. A written informed consent was 

obtained from each patient. The study protocol was 
approved by the Peoples Hospital of Deyang City 
Ethics Committee (date: 15.11.2021, no: 2021-04-
148-K01). The study was conducted in accordance 
with the principles of the Declaration of Helsinki. 
The patients were required to fulfill the subsequent 
inclusion criteria: (i) first unilateral stroke meeting the 
diagnostic criteria for stroke established at the Fourth 
National Academic Conference on Cerebrovascular 
Diseases in 1995; (ii) a course of disease lasting 
≤4 weeks; (iii) A MIP <60 cmH2O; (iv) a body mass 
index (BMI) >18.5 kg/m2; (v) stable vital signs with 
no tracheal intubation and tracheotomy; (vi) the 
ability to participate fully in the training without 
obvious cognitive impairment. Patients were excluded 
on the following grounds: (i) age <18 years; (ii) the 
presence of prestroke sarcopenia (SARC-F [strength, 
assistance in walking, rising from a chair, climbing 
stairs, and falls] score ≥4, with calf circumferences 
below the threshold of <34 cm for males and <33 cm 
for females); (iii) the inability to complete IMT due 
to significant facial paralysis or additional structural 
issues in the oropharynx. After applying the exclusion 
criteria, 367 patients were included in the study. The 
patients were randomly allocated to the experimental 
group (n=184) and the control group (n=183). During 
the study, 38 patients withdrew from the study due 
to personal reasons (20 in the experimental group 
and 18 in the control group). Therefore, a total of 
329 patients (179 males, 150 females; mean age: 
61.0±8.7 years; range, 35 to 78 years) completed the 
experiment and were subsequently included in the 
analysis (Figure 1).

The control group received traditional 
neurorehabilitation treatment. This included 
comprehensive training for hemiplegic limbs 
(45 min/session, once daily), power bicycle training 
(30 min/session, twice daily), hand function training 
(30 min/session, twice daily), and neuromuscular 
electrical stimulation therapy (45 min/session, once 
daily). The training sessions were held on a frequency 
of five days per week, spanning four weeks.

The experimental group received additional IMT 
in addition to the conventional neurorehabilitation 
treatment given to the control group. To measure 
the MIP before the first IMT, the patients used a 
respiratory endurance trainer (Model S2; Xeek Medical 
Appliance Company Limited, Xiamen, China), with 
the threshold resistance adjusted to 3 cmH2O. While 
seated comfortably and slightly leaning forward, the 
patient performed calm abdominal breathing until 
breathing stabilized. The MIP was measured at the 
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end of expiration by the patient forcefully inhaling and 
holding their breath for 2 to 3 sec. The measurement 
was repeated three times, with the maximum value 
selected as the MIP. The MIP was reevaluated every 
two weeks.

When the patients performed IMT, the resistance 
was adjusted to 30% of the latest MIP value. The 
patients took a comfortable seated position with 
the body slightly inclined forward, and they calmly 
performed abdominal breathing until the breathing 
was stable. At the end of exhalation, the patients 
inhaled forcefully to the maximum lung capacity 
and then exhaled slowly. This was performed 
30 times per group, two groups per day. The 
patients engaged in rest periods after completing 
three to five repetitions, adjusting the duration 
based on their level of fatigue. The duration of the 
training program was four weeks, with sessions 
held five days a week. Inspiratory muscle training 
can be conducted either autonomously or under 
supervision. The training was stopped if the patient 
encountered symptoms such as dizziness, headache, 
difficulty breathing, or a reduction of above 4% in 
oxygen saturation.

Baseline clinical data, such as sex, age, BMI, 
comorbidities, National Institute of Health stroke 
scale (NIHSS),[11] and Mini-Mental State Examination 

(MMSE)[12] were evaluated before training. Following 
a four-week training period, a medical professional 
or physical therapist assessed the occurrence of 
poststroke sarcopenia and pneumonia in both 
groups. The MIP, activities of daily living, social 
regression, and balancing functions were examined 
at the beginning and end of the therapies in both 
groups. The evaluators were blinded to the study 
purpose and the subject distribution.

As per the 2019 Asian Consensus on the Diagnosis 
and Treatment of Sarcopenia,[13] the diagnosis of 
primary sarcopenia requires a decline in both muscle 
strength and skeletal muscle mass.[13] Nevertheless, 
numerous studies have suggested the use of calf 
circumference as an alternate measure to assess 
skeletal muscle mass in poststroke patients.[14-17] 
Thus, in our study, we utilized grip strength and 
calf circumference on the nonhemiplegic side 
as diagnostic criteria for poststroke sarcopenia. 
Sarcopenia was diagnosed when grip strength was 
<28 kg for males and <18 kg for females, and calf 
circumference was <34 cm for males and <33 cm for 
females.[13]

To assess grip strength, the patient held 
a spring-type grip strength device in the sitting 
position or the auxiliary sitting position and extended 
their elbow for two equal-length contractions with 

Figure 1. Flow chart of the study protocol.

Eligible patients (n=700)

Excluded (n=333)
•	 Does not meet inclusion criteria (n=172)
•	 Refused to participate (n=14)
•	 Other reasons(n=47)

Randomized patients (n=367)

Experimental group (n=184) Control group (n=183)

Withdrawal from study (n=20) Withdrawal from study (n=18)

Complete the study (n=164)

Enrollment

Follow-up

Allocation

Analysis

Complete the study (n=165)



479Inspiratory muscle training and stroke rehabilitation

maximum force, with a 1-min rest after each. The 
maximum reading represented the grip strength.

To measure calf circumference, the patient lay in 
the supine position in the morning, with the knee 
joint on the nonhemiplegic side f lexed at 90° while 
the ankle joint was relaxed. The maximum calf 
circumference was measured using a nonelastic band.

The occurrence of pneumonia in both groups was 
evaluated during the training and quantified as the 
percentage ratio of the number of pneumonia cases to 
the total number of patients in each group.

The MIP measurement was repeated three times 
to obtain the optimal value. The normal MIP values 
are 120±37 cmH2O for males and 84±30 cmH2O for 
females.[18] The intervention part included a description 
of the MIP measuring method.

The modified Barthel Index (MBI), which consists 
of 10 items (eating, dressing, defecating, urinating, 
toileting, walking, ascending stairs, transferring, 
modifying, and bathing), was used to assess activities of 
daily living.[19] The maximum score is 100, and patients 
with a score >60 can mostly take care of themselves. 
Scores between 40 and 60 indicate moderate disability, 
dysfunction, and a requirement for help, while 20 to 
40 points indicate severe disability with significant 
dependence. Patients with a score <20 are completely 
disabled and dependent on others for daily living.

Social regression capability was assessed with 
the modified Rankin scale (mRs).[20] The criteria 
were as follows: 0= completely asymptomatic; 
1= the ability to perform all everyday tasks despite 
the presence of symptoms but without evident 
malfunction; 2= a mild impairment that prevents 
them from doing all preillness activities but allows 
them to manage their everyday tasks independently; 
3= a mild disability that needs assistance yet allows 
for independent walking; 4= a moderate to severe 
handicap characterized by an inability to walk 
on one's own and a need for daily assistance from 
others; 5= severe disability, bedridden, complete 
dependence on others for daily living. Of a total score 
of 0 to 5 points, scores ≤3 indicated good function 
with the patient capable of walking independently, 
while scores >3 indicated that the patient had poor 
function and needed help in daily life.

The trunk impairment scale (TIS) is used for 
evaluating trunk balance in nervous system diseases 
and consists of 17 items.[21] These include static sitting 
balance (three items, 7 points in total), dynamic 
sitting balance (10 items, 10 points in total), and 

trunk coordination (four items, 6 points in total). The 
overall score ranges between 0 and 23, with higher 
scores indicating better balance. The validity and 
reliability of the scale have been assessed in stroke 
patients.[21]

Statistical analysis

To ascertain the necessary number of participants, 
we determined the sample size by taking into account 
the findings of earlier research using the PASS software 
version 11 (NCSS, LLC, Kaysville, Utah, USA). The 
mean prevalence of sarcopenia within six months 
following a stroke was determined to be 46.7±0.49%.[22] 
It would take 165 patients in each group, assuming a 
15% clinical difference, to test the difference between 
the two groups at 80% power and 5% significance 
(two-tailed). Accounting for a 10% loss to follow-up, 
each group required a minimum of 181 subjects. 
Therefore, 362 subjects in total were needed for the 
two groups.

The statistical analyses were conducted using IBM 
SPSS version 22.0 software (IBM Corp., Armonk, 
NY, USA). The Shapiro-Wilk test was employed to 
assess the normal distribution of the data. Descriptive 
data were expressed in percentages, mean ± standard 
deviation (SD), and median (min-max). When the data 
met the criteria of normality and homoscedasticity, 
independent t-tests were employed to compare 
different groups, whereas paired t-tests were utilized to 
compare within-group measurements before and after 
treatment. The Mann-Whitney U test was employed 
to compare nonnormality between groups, whereas 
the Wilcoxon signed-rank sum test was utilized to 
compare within-group differences. The incidence of 
sarcopenia and pneumonia between the two groups 
was compared using the chi-square test. Two-sided 
tests were used for statistical analysis, and a p-value 
<0.05 indicated statistical significance.

RESULTS

There were no significant variations in the 
baseline clinical data, including NIHSS, MMSE, mRS, 
MBI, TIS, MIP, and calf circumference, between the 
two groups at the beginning of the study (Table 1). 
Therefore, the groups were considered to be similar. No 
adverse effects were observed during or after therapy.

After four weeks of intervention, the incidence of 
poststroke sarcopenia in the experimental group was 
22%, which was significantly lower than the 36.4% 
observed in the control group (p=0.004, Figure 2). 
Over four weeks, the experimental group developed a 
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pneumonia incidence of 7.3%, which was significantly 
lower than the rate observed in the control group 
(15.8%; p=0.017, Figure 3).

Following the completion of the treatment, 
both groups exhibited elevated MIP. However, the 
experimental group demonstrated significantly higher 
MIP compared to the control group (p<0.001). The 

difference in the MIP before and after the intervention 
also differed significantly between the two groups 
(p<0.001, Table 2).

Following the intervention, the MBI showed an 
increase in both groups, with the experimental group 
demonstrating considerably higher scores compared 
to the control group (p=0.01). The difference in the 

TABLE 1
Baseline demographics of both groups

Experimental group (n=164) Control group (n=165)

n % Mean±SD Median Min-Max n % Mean±SD Median Min-Max p

Age (year) 61.3±8.8 64 35-75 60.6±8.6 62 36-78 0.482*

Sex
Male
Female

91
73

50.8
48.7

88
77

49.2
51.3

0.695 ‡

BMI (kg/m2) 22.46±2.18 22.5 18-28 22.6±2.13 22.67 18.36-28.3 0.540*

Etiology
Ischemia
Hemorrhage

79
85

48.2
51.8

68
97

41.2
58.5

0.204‡

Hemiplegia
Right
Left

75
89

45.7
54.3

64
101

38.8
61.2

0.202‡

Dominant hand
Right
Left

180
0

-
-

180
0

-
-

Dysphagia 120 73.2 125 75.8 0.591‡

Complication 156 95.1 162 98.2 0.123‡

Hypertension 99 60.4 107 64.8 0.401‡

Diabetes 55 33.5 58 35.2 0.758‡

Hyperlipemia 20 12.2 16 9.7 0.468‡

CHD 22 13.4 26 15.8 0.547‡

Arrhythmia 17 10.4 12 7.3 0.322‡

Osteoporosis 5 3 5 3 0.992‡

Albumin 37.49±4.68 38.95 21-48.6 36.56±4.89 37 25-49 0.360#

Prealbumin 198±41.74 200 101-272 193.6±41.81 200 108-288 0.306#

CRP 24.67±32.52 10.59 1-144 24.04±35.05 11 0.5-161.35 0.943#

Hemoglobin 130.36±16.14 128.2±15.02 0.210*

RBC 4.31±0.56 4.29±0.56 0.825*

NIHSS 13.39±6.01 15 3-27 12.89±6.05 14 3-26 0.413#

mRS 3.48±0.63 4 2-4 3.44±0.61 3 2-4 0.395#

MBI 44.06±11.64 43.5 22-68 44.21±10.99 45 23-70 0.855#

MMSE 24.13±2.29 24 20-29 24.1±2.2 24 21-29 0.888#

TIS 11.32±2.49 11 5-18 11.55±2.44 12 6-20 0.325#

MIP 31.36±8.95 30.87±9.01 0.623*

CC 32±4.34 33 19-39 31.91±4.17 33 18-37 0.798#
SD: Standard deviation; BMI: Body mass index; CHD: Coronary heart disease; CRP: C-reactive protein; RBC: Red blood count; NIHSS: National Institute of Health stroke scale; 
mRS: Modified Rankin scale; MBI: Modified Barthel index; MMSE: Mini-Mental State Examination; TIS: Trunk impact scale; MIP: Maximal inspiratory pressure; CC: Calf 
circumference; * Analyzed by independent t-test; ‡ Analyzed by the chi-square test; # Analyzed by the Mann-Whitney U test.
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MBI before and after the intervention also differed 
significantly between the two groups (p=0.002, Table 2).

After the intervention, both groups exhibited 
decreased mRS ratings compared to before the 
intervention. Additionally, the experimental group 

displayed lower mRS values in comparison to the 
control group (p=0.011). The differences in the mRS 
scores also differed significantly before and after 
the intervention between the two groups (p=0.001, 
Table 2).

Figure 2. Comparison of incidence of poststroke sarcopenia.
* The asteriks indicate significance intergroup comparisons (p<0.001).
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Figure 3. Comparison of pneumonia incidence.
* The asteriks indicate significance intergroup comparisons (p<0.001).
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TABLE 2
Intra group and inter group comparisons of two groups secondary outcomes

Experimental group Control group

Mean±SD Median Min-Max Mean±SD Median Min-Max p

MBI (T0) 44.06±11.64 43.5 22-68 44.21±10.99 45 23-70 0.855

MBI (T1) 65.27±11.31 62.33±9.28 0.010*

MBI (T1-T0) 21.18±9.77 18.15±8.03 0.002*

p value <0.001** <0.001**

TIS (T0) 11.32±2.49 11 5-18 11.55±2.44 12 6-20 0.325

TIS (T1) 17.59±5.06 15.08±4.8 <0.001*

TIS (T1-T0) 6.29±2.53 6 1-13 3.54±2.4 4 -2-9 <0.001#

p value <0.001† <0.001†

MIP (T0) 31.36±8.95 30.87±9.01 0.623

MIP (T1) 47.99±9.21 46.5 29-70 43.97±9.14 43 26-68 <0.001#

MIP (T1-T0) 16.63±8.57 16 1-42 13.09±9.2 12 -10-39 <0.001#

p value <0.001† <0.001†

mRS (T0) 3.48±0.63 4 2-4 3.44±0.61 3 2-4 0.395

mRS (T1) 2.53±0.79 3 1-4 2.72±0.63 3 1-4 0.011#

mRS (T1-T0) 0.95±0.65 1 -1-3 0.72±0.56 1 -1-3 0.001#

p value <0.001† <0.001†
SD: Standard deviation; MBI: Modified Barthel index; TIS: Trunk impact scale; MIP: Maximal inspiratory pressure; mRS: Modified Rankin 
scale; T0: Before intervention; T1: After four weeks of intervention; T1-T0: The difference between T1 and T0; * Analyzed by independent t-test; 
# Analyzed by Mann-Whitney U test; ** Analyzed by the paired t test; † Analyzed by the Wilcoxon signed-rank test.
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After the intervention, it was observed that 
the TIS scores had increased in both groups. 
However, the patients in the experimental group had 
considerably higher scores compared to those in the 
control group (p<0.001). The difference in the TIS 
scores before and after the intervention exhibited 
an apparent difference between the two groups 
(p<0.001, Table 2).

DISCUSSION

Stroke can result in respiratory impairment, 
which significantly affects motor function. 
Research has indicated that reduced respiratory 
function is a primary factor contributing to 
nonvascular mortality following a stroke.[7] 
Respiratory training can improve motor abilities and 
reduce the likelihood of stroke-related complications 
and mortality.[7] However, respiratory training for 
stroke has not been widely used in China. The current 
study showed that the occurrence of poststroke 
sarcopenia and pneumonia was reduced in patients 
who underwent early IMT compared to the control 
group. In addition, the treated patients performed 
better than those in the control group in activities 
of daily living, social regression, balance functions, 
and inspiratory muscle strength. As a result, our 
study conclusively shows that IMT is a simple and 
efficient training technique that may contribute to 
reducing the occurrence of poststroke sarcopenia 
and promoting functional recovery after stroke.

Inspiratory muscle training and poststroke 
sarcopenia

Due to central factors, reduced activity, 
malnutrition, and other causes, stroke patients 
often experience a decline in respiratory 
muscle strength and the occurrence of 
poststroke sarcopenia. Studies have shown that 
inspiratory muscle strength is correlated with 
sarcopenia markers, such as grip strength and 
skeletal muscle index.[8] Lower inspiratory muscle 
strength is associated with an increased incidence 
of sarcopenia.[23] Jones et al.[10] found that the 
incidence of sarcopenia related to COPD can be 
reduced by 28% after IMT. This may be because 
respiratory training can mitigate the “blood steal” 
phenomena in the inspiratory muscles and reduce 
fatigue in the skeletal muscles in the limbs, thereby 
improving exercise tolerance and reducing the risk 
of sarcopenia. Currently, there is limited research 
on the prevention and treatment of poststroke 
sarcopenia through respiratory training. Our 

study investigated the impact of IMT on poststroke 
sarcopenia on the basis of the correlation between 
inspiratory muscle strength and grip strength. The 
study found that the incidence of sarcopenia was 
lower in the IMT group compared to the control 
group. It is speculated that IMT may contribute to 
the reduction of poststroke sarcopenia, laying the 
foundation for future research.

Inspiratory muscle training, MBI, and mRS
Dyskinesia is the primary abnormality observed 

following a stroke, which impairs patients' ability 
to do their regular tasks and elevates the likelihood 
of pneumonia. Recent studies have demonstrated 
that prestroke sarcopenia is a predictor of poor 
mRS in stroke patients three months after the 
stroke.[24] Additionally, poststroke sarcopenia is 
related to poor prognosis, specifically in the ability 
to perform daily activities, overall improvement, 
and the possibility of hospital discharge.[25] This 
study demonstrated that the experimental group 
exhibited better improvements in both social 
regression and the capacity to complete daily 
living activities compared to the control group. 
One possible explanation for this outcome is the 
reduced occurrence of poststroke sarcopenia. This 
is consistent with previous research.[5,26]

On the other hand, cardiopulmonary function 
may be affected after stroke, and it can remain 
reduced for several years.[27] Inspiratory muscle 
training can significantly enhance respiratory 
function, improve cardiopulmonary endurance, and 
decrease the occurrence of pneumonia following a 
stroke.[28,29] Respiratory muscle training involves long 
and repeated resistance training of the respiratory 
muscles, which helps to enhance respiratory endurance 
and enables patients to more efficiently utilize their 
respiratory muscles in daily life.[30] Prior research has 
demonstrated that IMT can effectively activate the 
diaphragm and sternocleidomastoid muscle while 
simultaneously decreasing sympathetic nervous 
activity. This training method also promotes a deep 
and slow breathing pattern in patients with COPD, 
which is beneficial to exercise.[31] Additionally, IMT 
has been found to enhance the inspiratory muscles 
strength in patients with various conditions, such as 
lung disease, asthma,[32] chronic heart failure, chronic 
kidney disease, and spinal cord injury,[33] and improve 
the dyspnea and quality of life in daily activities.

Inspiratory muscle training and balance
Our investigation revealed that the patients in 

the experimental group had a higher level of balance 
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function compared to those in the control group. 
Additionally, the incidence of sarcopenia was lower 
in the experimental group than in the control 
group. Research has demonstrated that sarcopenia 
adversely impacts balance, mobility, and overall 
function. Older individuals with sarcopenia are 
three times more prone to falling compared to 
those without sarcopenia.[34] Most stroke patients 
experience a reduction in respiratory muscle 
strength, which consequently impacts their trunk 
stability. Asymmetric movements of the trunk, 
in turn, may impact respiratory muscle function. 
Respiratory training has been shown to be effective 
as a type of trunk control training in patients 
with stroke, heart failure, and COPD.[35-36] The 
improvement in balance function induced by 
IMT might be attributed to two factors. First, 
the inspiratory muscles belong to the core muscle 
group, and their training helps enhance the thoracic 
movement of the trunk and the oxygen supply to the 
four limbs, thereby improving the trunk balance, 
transfer ability, and limbs' motor coordination. 
Second, IMT helps to prevent poststroke sarcopenia, 
consequently mitigating the decline in balance 
function and the occurrence of falls associated 
with poststroke sarcopenia. However, some studies 
reported that IMT had no obvious beneficial effect 
on the balance of stroke patients,[37,38] which might 
be related to bias induced by the small sample size.

Inspiratory muscle training and respiratory 
muscle strength

The median MIP of stroke patients is 42  cmH2O 
(17-57),[7] which is lower than the threshold of 
60 cmH2O for inspiratory muscle weakness in 
patients with nervous system diseases.[39] The 
decrease in respiratory muscle strength is closely 
related to the reduced cardiopulmonary endurance 
in stroke patients who have approximately 40% 
lower motor capacity than sedentary individuals. 
The decline in MIP is closely linked to an increased 
risk of heart failure, myocardial infarction, 
cardiovascular death, and stroke.[40] In stroke 
patients, the respiratory function does not fully 
recover within a rehabilitation time of up to nine 
months if respiratory training is not provided.[41] 
The primary application of IMT is now focused on 
the pulmonary function rehabilitation of patients 
diagnosed with COPD, heart failure, stroke, 
and myasthenia gravis. Studies on IMT have 
demonstrated its ability to effectively enhance 
diaphragm thickness, MIP, and endurance of the 

inspiratory muscles in stroke patients. Additionally, 
IMT has been found to decrease the occurrence 
of pneumonia.[7,29,42] Our study affirmed previous 
research by demonstrating that, compared to the 
control group, the experimental group experienced 
significant improvement in inspiratory muscle 
strength after IMT, as well as a reduced incidence 
of pneumonia.

This study had a number of limitations. First, grip 
strength was not used as a diagnostic criterion for 
prestroke sarcopenia. This was because patients in 
the early phase of stroke are in a weakened condition, 
making it difficult to evaluate their grip strength 
adequately. Furthermore, the study's findings only 
indicated the disparity between the two groups 
following the implementation of the intervention. 
Hence, additional research is necessary to assess its 
enduring efficacy in rehabilitation. 

In conclusion, the results of the present study 
revealed that implementing early IMT in neural 
rehabilitation for patients following their initial 
stroke can effectively decrease the occurrence of 
poststroke sarcopenia and pneumonia. Additionally, 
it can enhance inspiratory muscle strength, balancing 
function, and overall quality of daily living and 
social interactions. Early IMT not only improves 
respiratory muscle function but also provides stable 
trunk support for limb function recovery. This 
recovery process conforms to the neurophysiological 
development laws from the central area to the limbs. 
Based on our findings, we believe that incorporating 
IMT into regular stroke rehabilitation programs at an 
early stage can decrease the occurrence of poststroke 
sarcopenia and enhance functional recovery.
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