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Abstract
Background: Decreased pulmonary function and poor deglutition are a major risk 
factor for poststroke aspiration pneumonia. We analyzed the benefits of pulmonary 
training on pulmonary function, deglutition, and quality of life (QOL) in community-
dwelling, frail elderly people with chronic stroke.
Method: This study was designed as an open, randomized, controlled pilot trial. The 
participants, who were frail older adults with a history of stroke, were randomized to 
2 rehabilitation groups: intervention group (n = 15) and control (n = 15). All partici-
pants (65–94 years) attended twelve 20-min sessions twice a week for 6 weeks of ei-
ther standard rehabilitation (control group) or standard rehabilitation with pulmonary 
training including home pulmonary exercise (intervention group). The main outcome 
measures were pulmonary function (%MIP), deglutition (DRACE), and QOL (SF8･PCS), 
while secondary outcomes were muscle strength (grip and abdominal), thorax flex-
ibility, 6-min walk distance, and activities in daily living. All outcomes were measured 
both prior to training and after the 12 sessions.
Results: The intervention group showed significant improvement in %MIP (95% CI, 
2.9–31.6; p < 0.01), DRACE (95% CI, −4.1–0.1; p < 0.01), and SF8･PCS (95% CI, 2.5–
7.2; p < 0.01) compared with controls. There were no cognitive function decline and 
higher brain dysfunction.
Conclusions: These results suggest that the addition of pulmonary training including 
home pulmonary exercise to a standard rehabilitation program could improve pulmo-
nary function, deglutition, and QOL in frail elderly people with chronic stroke.
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1  |  INTRODUC TION

Worldwide, stroke is the second leading cause of death1 and the 
most common cause of disability. In Japan, it is a major reason for 
mortality among elderly people.2,3 Previous studies have reported 
that stroke affects the muscles of the upper and lower limbs, as well 
as those of the respiratory system, placing poststroke patients at 
risk of poor respiratory function and dysphagia. These patients have 
comorbidities, such as hemiplegia, poor sitting posture, balance, and 
alertness, resulting in cognitive and perceptual impairment with re-
gard to coughing and deglutition.4–6 Decreased pulmonary function 
and poor deglutition are major risk factors for aspiration pneumonia.

In Japan, pneumonia is the fifth leading cause of death among 
older adults. Aspiration pneumonia can lead to decreased physical 
and mental function, which can affect activities of daily living (ADL) 
and quality of life (QOL). Katzan et al.6 reported that dysphagia, a 
common complication in stroke patients, is considered to be a major 
risk factor for poststroke pneumonia.

Our previous study investigated the pulmonary function, deglu-
tition, and QOL of 15 chronic stroke patients and conducted reha-
bilitation programs that included pulmonary training.7 Pulmonary 
function, deglutition, and QOL significantly improved with pulmo-
nary rehabilitation, which is in line with previous reports of im-
proved respiratory function from pulmonary rehabilitation in acute/
subacute stroke patients.8–12 However, the effects of pulmonary 
function, deglutition, and QOL in chronic stroke patients have not 
yet been elucidated in a randomized controlled trial. The purpose of 
this study was, therefore, to evaluate the effects of pulmonary train-
ing on the pulmonary function, deglutition, and QOL of community-
dwelling, frail elderly people who had a history of stroke.

2  |  METHODS

2.1  |  Participant pool

Participants were recruited from May 2016 to July 2019 (follow-up: 
from July 2016 to September 2019) in a day care rehabilitation center 
in Ishioka city, Japan. The inclusion criteria included the following: 
history of stroke diagnosed by clinicians and needing rehabilitation, 
more than 65 years of age, 6 months since acute disease onset, and 
period since stroke onset of >6 months, and being in a physical con-
dition that can be described as “frail” as defined by the Fried Frailty 
Criteria (Cardiovascular Health Study: CHS index).13 Participants 
who could not use an auto spirometer or with moderate or severe 
cardiac disease (New York Heart Association14 Classification of III or 
IV) 7,15 were excluded from the study.

2.2  |  Study design

This study was designed as an open, randomized, controlled trial in 
which participants underwent 12 rehabilitation sessions (2 sessions 

a week for 6 weeks) that comprised either standard rehabilitation 
(control group) or standard rehabilitation with pulmonary training 
and home exercise program (intervention group). Baseline demo-
graphics, characteristics, and outcome measures for each partici-
pant were evaluated before randomization into groups.

For the intervention group, each 20-min rehabilitation session 
was held once a day and was made up of 10  mins of pulmonary 
training in addition to 10  min of standard rehabilitation.7,15 The 
pulmonary training intervention comprised the following: pulmo-
nary muscle training, stretching exercise, and home exercise.7,15,16 
Pulmonary muscle training involved the use of the Threshold PEP 
(Philips Company) positive expiratory pressure device set at 60% of 
the individual's maximal expiratory mouth pressure. Three sets of 
10 breaths were performed using the Threshold PEP with resting 
periods of 1 min between sets.15–20 Cough exercise was performed 
using 3 sets of 10 times, low-intensity (≤40% of a single repetition 
maximum: 1RM17) active coughs.15 For the stretching exercise, re-
spiratory muscles stretches were performed under instruction of a 
physical therapist. Patients were placed in a supine or lateral posi-
tion, with knees bent to correct the lumbar curve. The patients were 
asked to move their arms in flexion, horizontal extension, abduction, 
and external rotation motions.15

For home training, the intervention group used the positive ex-
piratory pressure device to do pulmonary muscle training (3 sets of 
10 repeats) and cough training (3 sets of 10 repeats, low-intensity 
active coughs), pursed-lip breathing (3  sets of 10 repeats) every 
day.7,15,21 Instruction from the physiotherapist was done before the 
first session of home pulmonary training. For pursed-lip breathing, 
the intervention group was instructed to breathe inspiratory through 
the nose for 2–3 s with slow expirations over 4–6 s. Participants re-
corded each training session in their diaries and these records were 
regularly checked by the physiotherapist in the rehabilitation center 
at least 2 days per week.

The standard rehabilitation program comprised of the following: 
range of motion exercises, muscle strengthening training of lower 
extremities, balance training, and gait training. Participants per-
formed range-of-motion exercises of the major joints of the lower 
extremities (hip, knee, and ankle) under the guidance of a physical 
therapist.15 Muscle strength training was performed low intensity 
(≤40% of 1RM17) using 3 sets of 10 active hip joint flex, abduction, 
and knee joint extension motions in the sitting position.15 Balance 
training involved the participants standing on alternate legs for du-
rations of 30  s with upper-limb support from a physical therapist. 
This exercise was repeated 3 times on each foot.15

2.3  |  Randomization

A random group allocation sequence was generated by a computer, 
and randomization codes were put in opaque envelopes by the trial 
statistician at the University of Tsukuba. Participants who gave their 
informed consent to participate were assigned an identification 
number and the clinical occupational therapist opened the closed 



142  |     MAKI et al.

envelope with the corresponding number, which included the ran-
domization code for group allocation. The clinicians in charge of 
administering treatments, the assessing physiotherapists, and trial 
statisticians were blinded to the allocation of participants to the 
intervention and the controlled groups. The assessing physiothera-
pists were separated from the physiotherapists who provided the 
intervention. The physiotherapists who provided rehabilitation were 
not blinded to the allocation.

2.4  |  Assessment

2.4.1  |  Pulmonary function

Pulmonary function was evaluated using a pulmonary function test 
with an auto spirometer (Vitalopower KH-801; Philips Company16). 
The forced vital capacity (FVC), forced expiratory volume in 1  s 
(FEV1), FEV1/forced vital capacity, cough peak flow (CPF), and meas-
urement of maximal inspiratory (MIP) and expiratory (MEP) mouth 
pressures were used for assessments of pulmonary muscle strength. 
The maximum value of 3 measurements was used for analysis. The 
standard regression equation published by the Japanese Respiratory 
Society was used to calculate all predictive values.7,15,22,23 All res-
piratory parameters (excluding CPF) were used as a percentage of 
predicted values.

2.4.2  |  Deglutition

Deglutition was evaluated using the Dysphagia Risk Assessment for 
the Community-Dwelling Elderly (DRACE) Test.24 The DRACE test 
includes 12 questions with possible answers of “not at all” (scoring 
0 points), “sometimes” (scoring 1 point), and “frequently” (scoring 2 
points). A high score is indicative of severe dysphagia. A score of 
3 points or less is considered normal deglutition, and more than a 
score of 4 is an indicator of being at risk dysphagia.

2.4.3  |  Cognitive function

Cognitive function was measured using Mini-Mental State 
Examination (MMSE)25 score. A score between 24 and 30 points is 
considered normal cognitive function; a score of 19 to 23 indicates 
borderline cognitive impairment, and anything below a score of 19 is 
an indicator of cognitive impairment.

2.4.4  |  Muscle strength

Grip strength was measured using a hand dynamometer (Grip D 
TKK5401; TKK) with participants in a sitting position. Abdominal 
muscle was classified from levels 0 to 5 using the manual muscle test 

in which the body is raised from a supine position.7,15 For knee ex-
tension strength, quadriceps strength was measured using a hand-
held dynamometer (HHD; EG-230 SAKAI Medical Co.). Strength was 
measured in kgf/kg. Each test was repeated three times, and the 
maximum value was used for further analyses.

2.4.5  |  Thoracolumbar measurement of joint range

The range of motion (ROM) of the thoracolumbar spine rotation was 
measured for both the paralyzed and nonparalyzed sides using a go-
niometer for thorax flexibility7,15 with participants in a sitting posi-
tion. Data for the ROM measurements are presented as the mean 
value of both left and right sides.

2.4.6  |  Exercise endurance

The 6-min walk test (6MWT), which measures the distance an in-
dividual can walk in 6 min, was used as a measure of exercise tol-
erance.26 Percutaneous oxygen saturation (SpO2) was measured 
before and after the 6-min walk using a saturation pulse oximeter. 
Heart rate, systolic blood pressure, diastolic blood pressure, and 
respiratory rate were also measured before and after the walk. The 
guideline for stopping the 6MWT was a drop in SpO2 of 85% or 
less.7,15

2.4.7  |  Activities of daily living assessment

Activities of daily living was evaluated by a physiotherapist using the 
Barthel Index27 which is comprised of 10 questions and has a maxi-
mum total score of 100 points.

2.4.8  |  Quality of life assessment

Quality of life was assessed using the Medical Outcome Study 8-
Item Short-Form Health Survey (MOS-SF8),28 which includes both 
a physical component summary score (PCS) and a mental compo-
nent summary score (MCS). The MOS-SF8  measures eight health 
subitems: (1) general health, (2) physical function, (3) role function 
(body), (4) body pain, (5) social function, (6) overall sense of well-
being, (7) vitality, and (8) emotional function.

In accordance with standardized assessment procedures, the 
measurements in this study were conducted by licensed physical 
therapists. Primary outcome measures were designated as %MIP 
for pulmonary function, DRACE for deglutition, and SF8 (PCS) for 
QOL. Secondary outcome measures were designated as exercise tol-
erance, 6-min walk distance, thorax flexibility, muscle strength, and 
ADL. This study was conducted in accordance with Consolidated 
Standards of Reporting Trials (CONSORT) statement.
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2.5  |  Statistical analysis

SPSS version 25.0 (IBM Corporation) was used for statistical analy-
ses. Power analysis calculated a minimum sample size using effect 
size in each group with a type 1 error at 0.05 and power at 0.80. The 
2-way repeated-measures analysis of variance with Cohen's partial 
η2 coefficient set at 0.060 was calculated as effect size and interac-
tion effects of the groups (time ×effect). We tested the differences 
between the two groups at baseline using the Chi-square test for 
sex, disease, type of stroke, side of paresis and comorbidity, and 
Mann–Whitney U test for age and other baseline assessments. The 
outcome measures in each group were compared with the measures 
by using the Wilcoxon signed rank test. Differences between groups 
were compared using the 2-way repeated-measures analysis of vari-
ance. Data are shown as mean ± SD, median, and interquartile range. 
p values of <0.05 were set to significance.

2.6  |  Ethical considerations

This study was carried out with the approval of the Ethics Committee 
of the University of Tsukuba (approval # 725: 30/03/2015, Clinical 
Trial registered on: 27/06/2015). This study was properly and pro-
spectively registered through the relevant clinical trial registry. 

All participants provided written informed consent. The authors 
confirm that all ongoing and related trials for this intervention are 
registered.

3  |  RESULTS

The participant flowchart before rehabilitation is shown in 
Figure 1. In this study, 76 participants were assessed for eligibil-
ity and 41 were excluded for the following reasons: 27 refused 
consent, 6 could not use an auto spirometer, and 8 had severe car-
diac disease. The remaining 35 participants were randomized into 
either the intervention group (n = 17) or control group (n = 18). 
Postintervention outcomes for 2  members of the intervention 
and 3  members of the control group were not available as they 
were discharged before completing all 12  sessions. No partici-
pants withdrew because of adverse effects. A final total of 30 
participants completed the study and 15 finished the pulmonary 
training program. Table 1  shows the characteristics and baseline 
clinical data for the study participants. There were no significant 
differences between the 2  groups in term of age, gender, BMI, 
type of stroke, %FVC, FEV1% (% predicted), muscle strength, 
6MWT, Barthel Index, and DRACE (p > 0.05). Participant shows 
%FVC <80%. There was no chronic obstructive pulmonary disease 

F I G U R E  1  Flow of participation



144  |     MAKI et al.

(COPD) within the two groups, but chronic stable heart failure was 
present in both the intervention group (n = 1) and control groups 
(n = 1). There were no cognitive function decline and higher brain 
dysfunction.

The outcome measures of the two groups are shown in Table 2. 
The intervention group showed significant increases in %FVC, 
%MIP, %MEP, CPF, thoracolumbar ROM, 6MWT, DRACE, and SF8 
(PCS). On the other hand, the control group had no significant dif-
ferences. The intervention group was significantly greater than 
the control group in the %FVC (95% CI, 2.1–14–7; p < 0.01), %MIP 
(95% CI, 2.9–31.6; p < 0.01), CPF (95% CI, 12.8–48.3; p = 0.02), 
thoracolumbar ROM (95% CI, 1.5–29.6; p < 0.01), 6MWT (95% CI, 
15.3–46.1; p  <  0.01), DRACE (95% CI, −4.1–0.1; p  =  0.01), and 

SF8 (PCS) (95% CI, 2.5–7.2; p  <  0.01). Significance between the 
two groups with regard to %FEV1, FEV1%, and SF8 (MCS) was not 
found (p > 0.05).

Compared with standard rehabilitation for participants with 
chronic stroke, the effect size for pulmonary training was 0.227 
for the %MIP, 0.325 for the DRACE, and 0.202 for the SF8 (PCS). 
Power analysis calculated a minimum total sample size of at least 
28 participants for the %MIP, 16 participants for the DRACE, 
and 36 participants for the SF8 (PCS) in the participants with 
a type 1 error at 0.05 and power at 0.80.29 In this study, the 
sample size of 30 had sufficient detection power for the %MIP 
and DRACE; however, it was slightly short of that needed for 
the SF8 (PCS).

Characteristics
Intervention groups
(n = 17)

Control groups
(n = 18) p

Sex, Female (%) 9 (53%) 7 (39%) 0.36†

Age 81.5 (73.2–87.2) 79.0 (68.5–80) 0.25

BMI (kg/m²) 23.3 (21.1–25.6) 23.0 (20.1–26.2) 0.12

Type of stroke 0.74†

Ischemic 4 (24%) 5 (27%)

Hemorrhagic 13 (76%) 13 (72%)

Side of paresis 0.28†

Right 6 (35%) 8 (44%)

Left 11 (65%) 10 (55%)

Diseases 0.86†

COPD 0 (0%) 0 (0%)

Chronic stable heart failure 1 (5%) 1 (6%)

Comorbidity

Hypertension 11 (65%) 9 (50%) 0.12

Diabetes mellitus 3 (17%) 4 (22%) 0.82

FVC (% predicted) 64.1 (58.6–75.8) 72.5 (64.7–73.3) 0.37

FEV1 (%predicted) 69.5 (55.0–83.7) 75.8 (55.3–96.1) 0.16

FEV1% 89.6 (78.3–98.1) 89.4 (79.9–99.0) 0.23

MIP (%predicted) 27.8 (14.9–32.4) 31.6 (25.1–42.4) 0.18

MEP (%predicted) 21.5 (14.0–31.7) 18.9 (14.6–24.5) 0.29

CPF (L/min) 230.8 (161.7–300.5) 243.0 (185.0–264.2) 0.46

Grip strength (kg) 16.9 (13.2–22.5) 19.3 (11.5–23.9) 0.55

Knee extension (kgf/kg) 21.5 (18.3–24.7) 23.5 (16.9–29.7) 0.13

6MWT (m) 75.0 (20–170) 60.0 (50.0–80.0) 0.86

MMSE 26.4 (25.0–28.0) 26.0 (24.5–28.0) 0.31

DRACE 6.5 (4.2–9.2) 5.5 (5.0–6.7) 0.43

Barthel index 60.5 (45.0–75.5) 62.5 (43.0–78.5) 0.47

Abbreviations: 6MWT, 6-min walk test; BMI, Body mass index; COPD, Chronic obstructive 
pulmonary disease; CPF, cough peak expiratory flow; DRACE, Dysphagia risk assessment for 
community-dwelling elderly; FEV1, forced expiratory volume at 1 s; FVC, forced vital capacity; 
MEP, PEmax = maximal expiratory mouth pressure; MIP, PImax = maximal inspiratory mouth 
pressure; MMSE, Mini-Mental State Examination.
*p < 0.05.
**p < 0.01 Median and interquartile range. N (%)
†Chi-square test, Mann–Whitney U test.

TA B L E  1  Demographic information of 
participants
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4  |  DISCUSSION

The findings of our study suggest that rehabilitation programs, 
which include pulmonary training, can improve the respiratory 
function, deglutition, and QOL of community-dwelling frail elderly 
people who have a history of chronic stroke. Our data indicate that 
pulmonary training (including home exercise) sessions as part of a 
standard rehabilitation program can aid the recovery of pulmonary 
function, deglutition, and QOL more efficiently than standard re-
habilitation alone. Therefore, we recommend that for frail elderly 
people, even for those in whom stroke has decreased pulmonary 
function, pulmonary training has many benefits for preventive care 
and improvement of QOL.

Reduced deglutition and pulmonary functions are reported to be 
major risk factors for aspiration pneumonia as weak coughing, which 
is reflective of poorly coordinated activation of respiratory and in-
trinsic laryngeal muscles, is a leading cause of this disease.15,30 Our 
data show that maximal inspiratory mouth pressure and cough peak 
flow are improved by pulmonary training in frail elderly people with 
histories of stroke. Thus, the addition of pulmonary training could be 
an effective way to improve pulmonary function and deglutition in 
this vulnerable population.

Our data show that, even after a stroke, the %FVC and thora-
columbar ROM of frail elderly persons with restrictive ventilation 
disorder were significantly improved by respiratory rehabilitation 
training. Baruch et al.31 evaluated the pulmonary function of 32 idio-
pathic pulmonary fibrosis patients with restrictive ventilation disor-
der and reported that their %FVC improved with respiratory exercise 
training. Baruch et al. also suggested the possibility that “repetitive 
stimulus of high ventilatory demands during exercise sessions, chest 
expansion during deep breathing exercises, and stretching of the 
thoracic muscles31 result in a more efficient breathing pattern, im-
proved strength of respiratory muscles, enhanced pleural elasticity, 
pulmonary compliance within the lung tissue, and decreased dys-
pnea perception following the [exercise training] program” used in 
their study.31 Our data were consistent with this report and suggest 
that standard rehabilitation programs without a pulmonary training 
component are insufficient for frail elderly persons with a history 
of stroke to maintain their pulmonary function, deglutition, and 
QOL.7,15

International guidelines regarding pulmonary rehabilitation 
for those with COPD and other respiratory diseases suggest that 
the rehabilitation is most effective when held 5 days per week for 
6–8 weeks.32 In our study, the participants received only 2 weekly 
rehabilitation sessions and the duration of each session was 
short (for both pulmonary training and standard rehabilitation). 
However, our intervention included daily home pulmonary train-
ing in addition to the in-facility pulmonary rehabilitation sessions. 
Moreover, our trial had no COPD patients within either group. 
According to a previous, randomized controlled trial with chronic 
stage stroke, Bang et al.,33 Seo et al.,34 and Jung et al.35 reported 
improvements in respiratory function from pulmonary training 

held 5  days per week for 4  weeks. Additionally, Kim et al.36,37 
described improvements in respiratory function through respira-
tory muscle training held 3 days per week for 4 weeks.38 Our data 
were similar to these reports and show that pulmonary function, 
deglutition, and QOL of chronic stroke patients are improved by 
the addition of pulmonary training to a standard rehabilitation 
program.

We must acknowledge some limitations in the present study. 
Firstly, the intervention group, which included home pulmonary 
training, exercised more than the control group. It was difficult 
to determine whether the improvement seen in the intervention 
group was because of the effects of the pulmonary training or the 
greater amount of training. Secondly, the physical therapists who 
conducted rehabilitation and the participants were not blinded 
to the participants’ allocation to the two groups; therefore, it is 
difficult to exclude the possibility of experimenter bias. Thirdly, 
while our results showed the benefit of pulmonary training in the 
intervention group versus the control across many of the outcome 
measures, we did not evaluate whether the changes were clinically 
important for the parameters that were statistically significant 
difference. Future studies that include a thorough evaluation of 
Minimal Clinically Important Difference (MCID) would therefore 
be of useful. Finally, the sample size of 30 participants in this study 
was low because of the single center design. Power analysis for 
the outcome measures showed that this number was sufficient for 
%MIP and DRACE; however, a sample size of at least 36 required 
for the SF8 (PCS). Because of this shortfall, the validity of findings 
with regard to the SF8 (PCS) results remain in question. Therefore, 
because the size of the study groups was statistically insufficient 
to make concrete conclusions, this study should be considered 
as a randomized pilot study, that, despite its limitations, lays the 
groundwork for future larger-scale studies. For future studies, the 
utilization of blinded, randomized, controlled trials with an effec-
tive regression framework would increase the generalizability and 
feasibility of the findings.

5  |  CONCLUSIONS

The results of this study suggest that the addition of pulmonary 
training, including home exercise regimens, to a standard rehabili-
tation program could improve pulmonary function, deglutition, and 
QOL in frail older adults with a history of chronic stroke.
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