
Introduction

In persons with multiple sclerosis (MS), respiratory 
muscle weakness is associated with disability (1), respiratory 
dysfunction, and mortality (2). Among various respiratory 
training methods for persons with MS, resistive inspiratory 
exercises have consistently increased inspiratory muscle 
strength (3). A daily 10-week exercise program using a 
threshold inspiratory trainer (IMT) has demonstrated efficacy 
on improving inspiratory muscle strength in persons with 
advanced MS (4). By improving ventilation, oxygen uptake, 
and exercise endurance (5), resistive inspiratory exercises may 
positively impact a broader range of health outcomes beyond 
respiratory muscle strength in persons with advanced MS.  

Restrictions in activities, fatigue, and respiratory infections 
are major concerns in persons with MS. Over 70% of non-
ambulatory persons with severe MS have reduced participation 
in social/lifestyle activities, such as social occasions, pursuing 
hobby, or outdoor activities (6). Fatigue is a leading complaint 
affecting 80% of persons with MS (7). MS increases the risk 
of serious respiratory infections (hazard ratio = 1.31) (8). 
The investigation of effects of IMT exercises on activity 
participation, fatigue, and respiratory infections may provide 
new insight into rehabilitation interventions for persons 
with advanced MS. The primary purpose of this study was 
to examine the participation of social activities before and 

after 10 weeks of resistive inspiratory exercises using IMT in 
persons with advanced MS at a long-term care facility. The 
secondary purpose was to examine if the exercises influenced 
self-reported fatigue and respiratory infections.

Methods

Design
This study is a repeated measures within-subject design.

Participants
We recruited participants from The Boston Home, a facility 

specialised in the long-term care of people with advanced 
MS. Inclusion criteria were age>18 years, MS diagnosis, non-
ambulatory with Expanded Disability Status Scale (EDSS) 
>=6.5, ability to follow instructions and communicate in 
English, and providing consent. The EDSS ranges from 0=no 
neurologic involvement to 10=death due to MS. Exclusion 
criteria were recent hospitalisation as a result of MS 
exacerbation within 2 months prior to or during enrolment in 
the study, acute illness or unstable medical conditions, and 
current smoker. The University of Michigan-Flint and Franklin 
Pierce University Institutional Review Boards approved the 
study. All participants provided their consent. 
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Sample Size
G*Power [9] was used to estimate the sample size required 

to achieve a significant difference in activity participation 
across 3 time periods. At least 27 participants would be 
required based on alpha level = 0.05, power = 0.80, and a 
medium partial η2 effect size = 0.06.

Resistive Inspiratory Exercises 
Participants performed resistive inspiratory exercises for 10 

weeks using the IMT device, which costs about $30 per unit 
(Philips, Andover, MA) (daily dosage = 3 sets of 15 repetitions) 
(4). Each participant completed 3 sets of 15 repetitions 
daily using his/her own IMT device. Most sessions lasted 
approximately 15 minutes including rest breaks to avoid fatigue 
and other discomfort. The participants performed the exercises 
sitting in a chair or bed while keeping their upper body as 
upright as possible. First a nose clip was applied to ensure that 
the participants breathed in through the mouth. The participants 
sealed lips around the mouthpiece and inhaled deeply through 
the IMT. As the air flowed in, a valve opened, and the device 
provided resistance to inhalation. The participants continued 
inhaling and exhaling without removing the IMT from the 
mouth unless they needed to take a break between exercise 
repetitions. Each participant was given an exercise log to record 
the repetitions completed per day. Before starting the exercise 
program, the research team instructed the participants on 
using the IMT and observing the precautions during exercises, 
such as pain, light headedness, dizziness, shortness of breath, 
perceived exhaustion as measured by a score on the Borg Rate 
of Perceived Exertion >=15, or other symptoms. The staff at the 
facility (nursing assistant, rehabilitation aide, or trained student 
volunteers) received training on using the IMT, documenting 
the exercise log, and reporting any symptoms experienced 
by the participants. The participants performed the exercises 
on their own with the supervision or assistance from the staff 
whenever necessary. The initial IMT resistance was 30% of 
baseline maximum inspiratory pressure (MIP), or the lowest 
IMT resistance of 9 cmH2O when 30% of baseline MIP was 
less than 9 cmH2O. At the end of each week, the research team 
progressed the IMT resistance based on symptoms, Borg Rate 
of Perceived Exertion, and baseline MIP (see Table 1 in (4) for 
protocol).

Measurements

Participant Characteristics 
Demographics, body-mass-index (BMI), years of MS 

diagnosis, Expanded Disability Status Scale (EDSS), number 
of comorbidities measured by Functional Comorbidity Index 
[10], and cognition measured by oral version of Symbol Digit 
Modality Test (SDMT) (11) were obtained by interviews and 
reviews of medical records at the time of enrolment.

Respiratory Muscle Strength  
MIP and maximum expiratory pressure (MEP) were 

obtained as global measurements of inspiratory and expiratory 
muscle strength, respectively using MicroRPM Pressure 
Meter (Micro Direct, Inc. Lewiston, ME) (12). During each 
assessment, the best values from three trials of MIP and 
MEP were retained for analysis. MIP and MEP values were 
expressed as percentages of age- and gender-adjusted predicted 
values (12). Participants were measured before (pre-test) and 
after (post-test) 10-week exercises, and 8 weeks after exercises 
(retention). 

Participation in Group Social Activities
The number of days each participant attending at least 

one structured group social activity per week represents 
participation in social activities. The staff, residents, and 
family members jointly developed these programs to promote 
an engaging social life. Every day, each resident chose the 
activities to attend, such as coffee, movies, watercolors, Tai-
Chi, bingo, parties, and community outings (See updated 
activity calendar https://www.thebostonhome.org/programs-
and-services/activities.html). The activity team led activities 
and took the attendance of all residents using a daily calendar. 
To minimise bias, the activity team and participants were 
not informed of the study purpose. At the end of study, the 
author (AB) extracted the participants’ attendance records. 
The number of unique calendar days per week on which the 
participants attended at least one structured group social 
activity was counted. For example, if a participant attended at 
least one activity on four out of seven days in a week, activity 
participation was recorded as “4” for that week. The weekly 
participation was calculated during baseline (10 weeks before 
exercises), training (10-weeks exercises), and retention (8 
weeks post exercises).

Modified Fatigue Impact Scale-5 Item 
Modified Fatigue Impact Scale-5 item (MFIS-5) is a self-

report measurement and an abbreviated version of Modified 
Fatigue Impact Scale recommended for use in the MS 
population (13). MFIS-5 evaluates how fatigue may have 
affected a person’s cognitive, physical and psychosocial 
function during the past 4 weeks. Each item is scored from 
0 to 4 (‘never, ‘rarely’, ‘sometimes’, ‘often’, and ‘almost 
always’) with higher scores indicating more severe impact of 
fatigue. The sum of raw scores from 5 items is the MFIS-5 total 
score (from 0 to 20). MFIS-5 has good test-retest reliability 
(ICC=0.76) (14). MFIS-5 was measured at pre-test (before 
exercises), post-test (after exercises), and retention (8 weeks 
post-exercises).

Respiratory Infections  
Infectious diseases of the upper or lower respiratory tract, 

such as common colds, flu, or pneumonia, were documented 
routinely at the facility. To minimise bias, the staff recording 
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the infections were not informed of the study purpose. At 
the end of study, the author (AB) extracted the participants’ 
data using a pre-structured form. The episodes of respiratory 
infections, number of hospital admissions, and length of stay 
were counted during baseline (10 weeks before exercises), 
training (10-weeks exercises), and retention (10 weeks post-
exercises).

Statistical Analysis
Data were analysed using IBM® SPSS Version 24 

(Armonk, New York). Descriptive statistics were calculated 
for all variables. Repeated measures ANOVA in General 
Linear Model was used to compare MIP and MEP values and 
MFIS-5 between pre-test, post-test, and retention, and activity 
participation between baseline, training, and retention. Effect 
size of partial η2 was calculated (small = 0.01, medium = 
0.06, and large = 0.14) (15). Because of the low incidence, 
descriptive statistics were reported for respiratory infections. 
Two-tailed significance level was p < 0.05.  

Results

Participant Characteristics 
Among 38 participants who consented, one dropped out 

due to illness and three were absent at assessments. Table 1 

presents the participants’ characteristics.

MIP and MEP
MIP were 35.6%±22.0% at pre-test, 41.6%±23.9% at post-

test, and 39.4%±25.6% at retention. MEP were 26.4%±14.3% 
at pre-test, 28.1%±13.9% at post-test, and 27.2%±14.3% 
at retention. MIP differed significantly by time (p=0.023, 
ηp2=0.07 for medium effect size). Bonferroni post-hoc test 
showed that MIP significantly increased from pre-test to post-
test (p=0.04). MEP did not differ by time. No adverse events 
were reported in the study. 

Activity Participation 
The participants spent 4.0±2.1 days/week during baseline, 

5.0±3.4 days/week during training, and 4.8±3.5 days/week 
during retention attending at least one structured group social 
activity. Activity participation differed significantly by time 
(p=0.01, ηp2=0.13 for medium effect size). Bonferroni post-
hoc test revealed that activity participation was significantly 
greater during training than baseline (p=0.043).    

MFIS-5
The MFIS-5 was 6.4±4.7 at pre-test, 5.1±4.9 at post-test, and 

5.5±5.5 at retention and did not differ by time.
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Table 1
Participant characteristics

Variable Mean (SD) Minimum Maximum
Age, year 60.0 (8.5) 43 76
Time post-MS diagnosis, year 27.1 (10.1) 9 46
Body mass index 26.7 (6.1) 18.8 43.9
Functional Comorbidity Index 2.29 (1.99) 0 8
Expanded Disability Status Scale 8.5 (0.4) 8.0 9.5
MIP, cmH2O 27.7 (13.0) 10 57
MIP, % of predicted value 36.2 (16.9) 9 76
MEP, cmH2O 25.0 (15.1) 6 80
MEP, % of predicted value 27.7 (14.9) 8 64

Table 2
The total and average numbers of respiratory infections and resulting hospital admissions, and the length of stay during the base-

line no training, IMT training and post-training retention phases

Variables Baseline IMT Exercises  Retention  
Respiratory infection episode 6 (18%) 2 (6%) 3 (9%)
Hospital admission 1 (3%) 0 1 (3%)
Length of stay, day 3 0 0
Values are expressed as n or mean (%). N=34; IMT: Inspiratory muscle trainer. 
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Respiratory Infections 
Table 2 presents the data on respiratory infections. Only one 

participant had recurrent infections (two episodes) in the study. 

Discussion

This study is the first to demonstrate that in non-ambulatory 
persons with severe physical limitations from advanced MS, 
resistive inspiratory exercises significantly increased not 
only inspiratory muscle strength, but also participation in 
group social activities. Fatigue did not change and respiratory 
infections remained low in the study. Benefits of resistive 
inspiratory exercises extend beyond improving respiratory 
muscle strength and likely have positive impact on societal 
participation in persons with advanced MS living in a long-term 
care facility. 

MIP but not MEP increased after the IMT exercises, 
demonstrating a task-specific response to the type of activities 
being imposed. Improved social engagement is particularly 
meaningful for individuals with severe physical limitations. 
Our results indicate that resistive inspiratory exercises are 
a safe and effective intervention to promote participation 
without adverse events and increased fatigue.  This study has 
limitations. The small sample size was relevant small but 
had sufficient power based on a priori estimate. Data were 
extracted retrospectively but blinding had been applied during 
measurements to minimise bias. In conclusion, 10-week daily 
resistive inspiratory exercises improved inspiratory muscle 
strength and activity participation among non-ambulatory 
persons with advanced MS living in a long-term care facility. 

Funding: National Multiple Sclerosis Society funded this study (Grant number: 
PP-1703-27264).  

Declaration of Interest: The authors report no conflict of interest.

Clinical Trials Registry: NCT03345199.

Ethical standards: The participants provided their written informed consent before 
enrolling in this study. The University of Michigan-Flint and Franklin Pierce University 
Institutional Review Boards approved the study.  

References

1. Buyse B, Demedts M, Meekers J, Vandegaer L. Rochette F. Kerkhofs L. Respiratory 
dysfunction in multiple sclerosis: a prospective analysis of 60 patients. Eur Respir J 
1997;10:139-145.   

2. Hirst C, Swingler R, Compston DAS, Ben-Shlomo Y, Robertson N. P. Survival and 
cause of death in multiple sclerosis: a prospective population-based study. J Neurol 
Neurosurg Psychiatry 2008;79:1016.

3. Rietberg MB, Veerbeek JM, Gosselink R, Kwakkel G, van Wegen EE. 
Respiratory muscle training for multiple sclerosis. Cochrane Database Syst Rev 
2017;12:CD009424.pub2.  

4. Huang MH, Fry D, Doyle L, et al. Effects of inspiratory muscle training in advanced 
multiple sclerosis. Mult Scler Relat Disord 2020;37:101492.  

5. Pehlivan E, Mutluay F, Balcı A, Kılıç L. The effects of inspiratory muscle training 
on exercise capacity, dyspnea and respiratory functions in lung transplantation 
candidates: a randomized controlled trial. Clin Rehabil 2018;32:1328-1339.

6. Conradsson D, Ytterberg C, Engelkes C, Johansson S, Gottberg K. Activity 
limitations and participation restrictions in people with multiple sclerosis: a detailed 
10-year perspective. Disabil Rehabil 2019;13:1-8.  

7. National Multiple Sclerosis Society. MS Fatigue. 2020. https://www.
nationalmssociety.org/Symptoms-Diagnosis/MS-Symptoms/Fatigue. Assessed 1 
April 2020.

8. Nelson RE, Xie Y, DuVall SL, et al. Multiple Sclerosis and Risk of Infection-Related 
Hospitalization and Death in US Veterans. Int J MS Care 2015;17:221-230. 

9. Faul F, Erdfelder E, Lang AG, Buchner A. G*Power 3: a flexible statistical power 
analysis program for the social, behavioral, and biomedical sciences. Behav Res 
Methods 2007;39:175-91.

10. Groll DL, To T, Bombardier C, Wright JG. The development of a comorbidity index 
with physical function as the outcome. J Clin Epidemiol 2005;58:595-602.

11. Benedict RH, Fischer JS, Archibald CJ, et al. Minimal neuropsychological 
assessment of MS patients: a consensus approach. Clin Neuropsychol 2002;16:381-
97.

12. Evans JA, Whitelaw WA. The assessment of maximal respiratory mouth pressures in 
adults. Respir Care 2009;54:1348-59.

13. The Consortium of Multiple Sclerosis Centers Health Services Research 
Subcommittee. Multiple Sclerosis Quality of Life Inventory: A User’s Manual. 
National Multiple Sclerosis Society. 1997. https://www.nationalmssociety.org/
NationalMSSociety/media/MSNationalFiles/Brochures/MSQLI_-A-User-s-Manual.
pdf. Assessed 1 April 2020.

14. Smith J, Bruce AS, Glusman M, Thelen J, Lynch S, Bruce JM. Determining reliable 
change on the modified fatigue impact scale (5-item version). Mult Scler Relat 
Disord 2018;20:22-24.

15. Fritz CO, Morris PE, Richler JJ. Effect size estimates: Current use, calculations, and 
interpretation. J Exp Psychol Gen 2012;141:2-18.


