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Abstract

Objectives: To record Maximal Inspiratory Pressure (MIP) and Maximal Expiratory Pressure (MEP) in neuro-rehabilitation
patients and establish correlation with functional status, quality of life, demographics and co-morbidities. Methods:
Respiratory muscle strength was measured in 50 stroke patients and 50 spinal cord injury (SCI) patients. Both groups were
evaluated with the Modified Barthel Index (MBI-Shah version) and the 36-ltem Short Form Survey. Demographics, medical
history, history of moderate physical activity prior to injury and American Spinal Injury Association (ASIA) classification
were recorded. Results: Respiratory muscle strength declined with age and males exhibited higher MIP and MEP in the SCI
group and higher MEP, but not MIP, in stroke. In the ASIA D SCI subgroup, the MBI total score was moderately positively
correlated with MIP and MEP values. In stroke, MBI total score and MEP were positively correlated in both sexes and
MBI total score and MIP in females. Diabetes mellitus absence correlated with higher MIP and MEP in SCI. Prior physical
activity was linked to higher MIP, MEP in stroke and to higher MIP in SCI. Conclusions: Age, sex, functional capacity, SCI
classification, quality of life components, history of physical activity and diabetes influence respiratory muscle strength in
the studied population.
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Introduction

Respiratory muscle strength assessment at the mouth,
as measured by the recording of Maximal Inspiratory
Pressure (MIP) and Maximal Expiratory Pressure (MEP),
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is used for respiratory muscle weakness diagnosis and
follow-up of patients with various neuromuscular diseases,
among which stroke and Spinal Cord Injury (SCI)'. Other
conditions include myasthenia gravis, muscular dystrophy,
Guillain Barré syndrome, amyotrophic lateral sclerosis,
poliomyelitis, spastic or flaccid tetraplegia of any origin,
sarcoidosis and polymyositis'2, with application in decision-
making when weaning from mechanical ventilation®. Since
lung volume doesn’'t change significantly during MIP and
MEP measurement, the results are considered to reflect
respiratory muscle strength, uninfluenced by lung tissue
properties'?4,

Maximal Inspiratory Pressure, also known as Negative
Inspiratory Force (NIF), reflects the maximal negative
pressure achieved when inspiration starts at functional
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residual capacity volume, against a blocked mouthpiece'. It is
considered a non-invasive, independent diagnostic tool, since
it represents inspiratory muscle neuromuscular function and
strength, especially pertaining to the diaphragm'. Diaphragm
weakness is linked to dyspnea and nocturnal hypoventilation,
resulting inimpaired rapid eye movement sleep phase, fatigue
and somnolence during daytime, and morning headaches®.
Thus, inspiratory muscle weakness has a direct effect on
patients’ performance in Activities of Daily Living (ADL) and
their quality of life®.

MaximalExpiratoryPressureismeasuredwiththeindividual
performing an active maximal expiratory effort, starting from
total lung capacity volume, with a sealed glottis. This positive
pressure reflects the strength and neuromuscular function of
expiratory muscles, including internal intercostals, external
and internal obliqgue abdominals and rectus and transverse
abdominis muscles?“. Weakness of the above muscles leads
to inadequate cough production and lung secretion clearance,
and in conjunction with possible swallowing disorders, it is an
important risk factor for respiration pneumonia'.

Maximal static respiratory pressures have been recorded
to alter in SCI patients, presenting a linear regression based
on neurological level of injury (NLI), estimated by American
Spinal Injury Association (ASIA) quidelines®’. More
specifically, significant correlation has been established for
complete motor lesion levels (ASIA A, B), that is when no
motor functionis preserved below the NLI, and the correlation
for MEP is stronger than for MIP%”7. The diaphragm, the main
inspiratory muscle, receives its innervation from cervical
nerves C3-C5 and thus, SCI patients with those levels of
injury present with the lowest MIP values, while in patients
with a NLI below thoracic (T) 1 level, normal MIP values are
recorded®. On the other hand, the abdominal muscles, mostly
recruited for expiration, are innervated from T6-T12 nerves,
which explains the greater negative influence SCI has on MEP
values in these individuals as well as the better correlation
established with the NLI®%,

Decreased MIP and MEP values, which are lower than
would be expected due to lean muscle mass or muscle
strength loss based on age progression alone, have also been
observed in stroke patients®. However, this recorded loss of
respiratory muscle strength does not necessarily correlate
with loss of functional capacity in this population®, although
MIP values have been linked to walking ability'®"". It has been
demonstrated that MIP and, even more so, MEP values can
recover 3 months after stroke, but recovery trends vary
among patients'©.

It is noteworthy that respiratory muscle strength
measurements vary significantly between males and females,
thus norm sets are recorded separately for the two sexes'.
Males present with 34-66% higher values for MIP and 41-
57% higher values for MEP than females''2'3, Also, age has
been inversely associated with MIP and MEP and the slope
of decline of their values with age progression doesn’t vary
significantly in literaturel. It is possible that this slope is not
linear, becoming greater over the age of sixty'. However, the
lower limit of normal seems to be preserved until the age of
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seventy, possibly due to the fact that the muscles assessed
are also being used for activities other than respiration'.
Thus, even in deconditioned elderly individuals the minimum
strength reserve for respiration is present'.

Physical activity is another factor that has been
associated with respiratory muscle strength in different
patient populations. Both inspiratory and expiratory muscle
strength have been shown to improve by exercise training
in chronic obstructive pulmonary disease patients'* and a
lower physical activity level has been linked to decreased
MIP values in individuals with pulmonary hypertension's.
Significantly lower predicted MIP values have been recorded
in stroke patients who don’t ambulate within the community
than in community ambulators, but this finding didn’t also
apply to MEP values''. In SCI patients, it has been observed
that MIP values increase with inspiratory muscle training,
either by a flow-resistive or a threshold protocol, with no
significant differences between the two'®.

Materials and Methods
Design and setting

In this cross-sectional study, a total of 100
neurorehabilitation patients were evaluated by the same
rater from 2018 to 2022, including 50 stroke (23 males,
27 females) and 50 SCI (41 men, 9 women) inpatients
and outpatients from the KAT Hospital Rehabilitation
Department and the National Rehabilitation Centre in
Greece. Sample size was not determined by power analysis
but was based on previous literature. The study included
adults with ischemic or hemorrhagic stroke and traumatic
or non-traumatic spinal cord injury, fluent in the Greek
language, able to comprehend the procedure, grant their
consent and follow directions. Exclusion criteria included
coexisting traumatic brain injury and co-morbidities
affecting functional status, known chronic obstructive lung
disease orrestrictive lung disease, neuromuscular disorders
that would affect respiratory muscle strength and presence
of contraindications to maximal respiratory strength
measurement (recent brain, abdomen, thoracic, eye or inner
ear surgery, presence of brain or aortic aneurysm, recent
myocardial infraction, pulmonary embolism, pneumothorax,
lower respiratory infection, hemoptysis of unknown origin
and severe arterial hypertension). Also excluded were
patients with major psychiatric or cognitive disorders, who
were unable to comply with the measurement procedure.

Demographics and medical history were recorded for all
participants, including body mass Index (BMI), major co-
morbidities, history of participation in moderate physical
activity (150 minutes per week) prior to injury and smoking
status. SCI participants were classified based on ASIA
guidelines™® into four categories (A, B, C and D).

Respiratory muscle strength was measured by the
MicroRPM (Respiratory Pressure Meter) device with a
flanged mouthpiece, a portable manometer that has been
shown to exhibit satisfactory test-retest reliability for MIP
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Table 1. Univariate analysis of Maximal Inspiratory Pressure (MIP) and Maximal Expiratory Pressure (MEP) variables-Spinal Cord

Injury group.

_-mm--mm-

male 60.5 (88.0) 70.5 (78.5)
Sex 0.017 0.006
female 42.5 (24.5) 51.0(34.8)
. . no 42.0(27.0) 57.0 (33.5)
Physical activity history 0.030 0.105
yes 62.0 (80.5) 65.0 (63.5)
. no 54.5 (87.3) 55.0(78.8)
Smoking 0.801 0.205
yes 46.5 (53.3) 68.0 (41.8)
. . no 55.0 (83.5) 66.0 (73.0)
Diabetes Mellitus 0.013 0.020
yes 38.0(16.0) 51.0(31.5)
. no 50.5(72.8) 65.5 (63.5)
Hypertension 0.917 0.240
yes 47.0(81.8) 55.0 (57.0)
A 59.0 (97.5) 56.0 (74.5)
B 108.0 (63.5) 102.0 (96.5)
ASIA 0.221 0.142
C 40.0 (67.5) 47.0(70.5)
D 47.0(23.0) 66.0 (26.0)
Age r=-0.453 <0.005 r=-0.413 <0.005
Weight r=0.202 0.160 r=0.071 0.626
Height r=0.399 <0.005 r=0.430 <0.005
BMI r=0.038 0.793 r=-0.068 0.639
MBI total score r=0.381 0.006 r=0.388 0.005
Physical functioning (SF-36) Spearman’s r=0.232 0.104 r=0.286 0.044
Role-physical (SF-36) correlation r=-0.327 0.021 r=-0.180 0.211
Bodily pain (SF-36) coefficient r=0.126 0.383 r=0.268 0.060
General health (SF-36) r=-0.044 0.762 r=0.112 0.440
Vitality (SF-36) r=0.251 0.078 r=0.269 0.059
Social functioning (SF-36) r=0.285 0.045 r=0.136 0.347
Role-emotional (SF-36) r=-0.041 0.780 r=-0.283 0.046
Mental health (SF-36) r=-0.152 0.292 r=-0.074 0.608

and MEP measurements'®. The procedure used was based
on American Thoracic Society and European Respiratory
Society quidelines'®2°, with the patients examined in a
sitting position, executing five maximal inspiratory and
five maximal expiratory efforts of 1.5 seconds minimum
duration each. There were intervals of rest between
efforts, of at least one minute or longer, based on
individual needs. Verbal and/or visual feedback was given
to participants during measurement, in order to enhance
performance, and out of the 5 different values for each
variable, the highest achieved was recorded and not the
mean value'®2021,

All patients were evaluated by interview with the Greek
Modified Barthel Index (MBI-Shah version) for establishing
ADL performance, as well as with the 36-Item Short Form
Survey (SF-36) for health status and quality of life evaluation,
with both instruments having already been adapted and
validated on a Greek population'”2225,

www.ismni.org

Statistical analysis

Datawere expressed as median (IQR) for all the quantitative
variables recorded and as percentages for all the qualitative
variables. The Kolmogorov-Smirnov test was utilized for
normality analysis of the quantitative variables.

Bivariate analysis was applied by using the Mann Whitney
test and Spearman’s correlation coefficients, in order to
analyze the relation between the outcome variables of MIP
and MEP and the qualitative, quantitative, demographic and
clinical characteristics recorded respectively.

All demographic, clinical variables and assessment
qguestionnaires’ total scores which were presented
(p-value<0.1) in bivariate analysis, were included in a multiple
linear regression model, using the enter method, so as to
determine the independent significant factors associated
with each of the outcome variables.

All assumptions of linear regression analysis were
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Table 2. Univariate analysis of Maximal Inspiratory Pressure (MIP) and Maximal Expiratory Pressure (MEP) variables-Stroke group.

_-ﬂ_-ﬂ_

male 30.0(28.0) 56.0 (21.0)
Sex 0.915 0.413
female 32.0(21.0) 44.0(36.0)
. L. . no 25.0(14.0) 48.0 (30.0)
Physical activity history <0.005 0.008
yes 49.0 (26.0) 62.0 (30.0)
. no 22.0(28.3) 40.0 (42.8)
Smoking 0.665 0.409
yes 31.5(10.5) 54.0 (16.0)
. . no 50.5(72.8) 65.5 (63.5)
Diabetes Mellitus 0.829 0.931
yes 47.0 (81.8) 55.0 (57.0)
, no 32.0(24.0) 54.0 (30.0)
Hypertension 0.365 0.350
yes 25.0 (16.0) 44.0 (30.0)
Age r=-0.353 0.012 r=-0.399 <0.005
Weight r=0.185 0.200 r=0.241 0.120
Height r=0.145 0.316 r=0.219 0.127
BMI r=0.188 0.190 r=0.202 0.158
MBI total score r=0.333 0.018 r=0.500 <0.005
Physical functioning (SF-36) Spearman’s r=0.407 <0.005 r=0.606 <0.005
Role-physical (SF-36) correlation r=-0.222 0.121 r=-0.257 0.072
Bodily pain (SF-36) coefficient r=-0.095 0.513 r=-0.112 0.437
General health (SF-36) r=0.201 0.162 r=0.245 0.087
Vitality (SF-36) r=0.137 0.343 r=0.146 0.310
Social functioning (SF-36) r=-0.343 0.015 r=-0.272 0.056
Role-emotional (SF-36) r=-0.050 0.731 r=-0.075 0.603
Mental health (SF-36) r=0.268 0.059 r=0.207 0.149

examined, including homoscedasticity (homogeneity of
variances), linearity, normality and independence of error
terms, as well as multicollinearity of independent variables.

All tests are two-sided and statistical significance was set
at p<0.05. The sum of statistical analysis was carried out
using the statistical package SPSSvr 21.00 (IBM Corporation,
Somers, NY, USA).

Results

Univariate analysis of Maximal Inspiratory Pressure and
Maximal Expiratory Pressure-Spinal Cord Injury group

In SCI participants, age and role-physical subscale of the
SF-36 questionnaire were moderately negatively correlated
with MIP values (r=-0.453 and r=-0.327 respectively,
p<0.05). On the other hand, MBI total score, height and the
SF-36 social functioning subscale were moderately positively
correlated with MIP (r=0.381, r=0.400 and r=0.285
respectively, p<0.05). Moreover, it was found that males, all
SCI patients without diabetes mellitus and those reporting a
history of moderate physical activity prior to injury presented
with higher values of MIP compared to females, those with
diabetes and those without history of physical activity
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respectively (p<0.05) (Table 1).

Also depicted in Table 1, it was found that both age and
the SF-36 role-emotional subscale were low to moderate
negatively correlated with MEP (r=-0.413 and r=-0.283
respectively, p<0.05) in the SCI group. On the contrary, MBI
total score, height and SF-36 social functioning subscale were
low to moderate positively correlated with MEP (r=0.388,
r=0.430 and r=0.286 respectively, p<0.05). In addition,
male SCI participants and people without diabetes mellitus
presented with higher values of MEP, compared to females
and those with diabetes mellitus respectively (p<0.05).

Univariate analysis of Maximal Inspiratory Pressure and
Maximal Expiratory Pressure-Stroke group

Findings from the univariate analysis of the MIP variable
in stroke participants are depicted in Table 2. It was found
that age and the SF-36 social functioning subscale were low
to moderate negatively correlated with MIP (r=-0.353 and
r=-0.343 respectively, p<0.05), whereas MBI total score
and the SF-36 physical functioning subscale were low to
moderate positively correlated with MIP (r=0.333, r=0.407
respectively, p<0.05). Moreover, results indicated that people
with a moderate level of physical activity prior to stroke
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Table 3. Multiple linear regression of Maximal Inspiratory Pressure (MIP) and Maximal Expiratory Pressure (MEP) variables-Spinal Cord

Injury group.
DS eles R2 Beta coefficient SE p-value
category

Constant --- 135.62 54.86 0.018

Age --- 18.8% -1.22 0.48 0.015

Sex male 12.2% -37.34 19.56 0.063

Physical activity history no <0.5% -0.30 15.39 0.984

Enter m“ Excluded cause of collinearity

method Diabetes Mellitus --- 5% 8.95 19.10 0.642
= MBI total score --- 14.3% 0.75 0.24 <0.005
Bodily pain (SF-36) --- <0.5% 0.04 0.25 0.860

Vitality (SF-36) --- <0.5% 0.09 0.40 0.829

Role-emotional (SF-36) --- <0.5% -0.05 0.23 0.836
Constant 137.45 25.28 <0.005
Stepwise |Age --- 18.8% -1.09 0.36 <0.005
method Sex male 12.2% -38.77 12.10 <0.005
MBI total score --- 14.3% 0.74 0.20 <0.005

Constant --- 91.884 233.673 0.696

Age --- 6.6% -0.95 0.53 0.081

Sex male 17.4% -37.35 20.98 0.083

Diabetes Mellitus no <0.5% 9.45 21.27 0.659

i":f;o 4 |Height <0.5% 0.35 1.15 0.762
MBI total score --- 20.2% 0.91 0.26 <0.005

MEP Bodily pain (SF-36) --- <0.5% 0.09 0.26 0.743
Vitality (SF-36) . <0.5% -0.04 0.44 0.930

Role-emotional (SF-36) --- 21% -0.26 0.21 0.218

Constant 14291 27.66 <0.005

Stepwise MBI total score --- 20.2% 0.87 0.22 <0.005
method Sex male 17.4% -43.95 13.24 <0.005

Age --- 6.6% -0.93 0.40 0.024

presented with higher MIP values, compared to those not
reporting history of that level of physical activity (p<0.05).

In the univariate analysis of the MEP variable (Table 2) for
the stroke participants, age and the SF-36 social functioning
subscale were found to be low to moderate negatively
correlated with MEP (r=-0.400 and r=-0.272 respectively,
p<0.05). On the contrary, MBI total score and the SF-36
physical functioning subscale were highly positively correlated
with MEP (r=0.500, r=0.60 respectively, p<0.05). Moreover,
stroke participants who reported moderate physical activity
before stroke presented with higher MEP values than those
with no such history of physical activity (p<0.05).

Multiple linear regression models with enter method were
employedinorderto examine the contribution of demographic
and clinical variables to the dependent variables (MIP, MEP)
in both the SCI and stroke groups. Multiple regression
models with stepwise method were employed to examine
the strongest predictors of all the demographic and clinical
variables to the MIP and MEP variable in SCI participants.
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Multiple linear regression of Maximal Inspiratory Pressure
and Maximal Expiratory Pressure-Spinal Cord Injury group

As depicted in Table 3, height was excluded from the
analysis because of collinearity. Regression analysis
accounted for 46,0% of the variance in the MIP variable
[R?=0.460; F (8.41)=4.36, p<0.005]. According to our
results, age (Beta coefficient + SE:-1.22+0.48; p=0.015;
R2=0.066), sex (Beta coefficient + SE:-37.35+20.98;
p=0.083; R?=0.174) and Modified Barthel Index total score
(Beta coefficient + SE: 0.75+0.24; p<0.005; R?=0.143) were
statistically significant predictors of the MIP variable.

Additionally, regression analysis of stepwise model
accounted for 45.3% of the variance in the MIP variable
[R?=0.453; F (3.46)=12.71, p<0.005]. According to our
results, age (Beta coefficient + SE: -1.09+0.36; p<0.005;
R2=0.066), sex (Beta coefficient + SE: -38.77+12.10;
p<0.005; R?=0.174) and MBI total score (Beta coefficient
+ SE: 0.74+0.20; p<0.005; R?=0.143) were the strongest
statistically significant predictors of the MIP variable.
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Table 4. Multiple linear regression of Maximal Inspiratory Pressure (MIP) and Maximal Expiratory Pressure (MEP) variables-Stroke group.

T:th?a;eonr:/e Beta coefficient

Constant --- 42.32 23.37 0.077

Age --- 1.8% -0.27 0.22 0.235
MIP Physical activity history no 27.3% 18.19 5.65 <0.005
MBI total score --- 8.2% 0.18 0.10 0.089

Social functioning (SF-36) - 4.0% -0.22 0.12 0.080

a“:ter:o 4 |Mentalhealth (SF-36) 0.8% 0.19 0.24 0.443
Constant --- 66.83 22.43 0.005

Age --- 1.3% -0.27 0.26 0.315

MEP Physical activity history no 9.6% 16.75 6.58 0.014
MBI total score --- 30% 0.42 0.12 <0.005

Social functioning (SF-36) --- 4.3% -0.26 0.14 0.071

Table 5. Correlation of Modified Barthel Index (MBI) total score with Maximal Inspiratory Pressure (MIP) and Maximal Expiratory Pressure
(MEP) based on American Spinal Injury Association (ASIA) classification and Neurological Level of Injury (NLI)-Spinal Cord Injury group.

ASIA A (n=9)
ASIA B (n=5)
ASIA C (n=13)
ASIAD (n=23)
NLI C4-C5 (n=11)
NLI C6-C8 (n=4)
NLI T1-T6 (n=6)
NLI T7-L4 (n=29)

MBI total score

0.873 0.923
0.948 0.796
0.160 0.150
0.416 0.421

0.870 0.676
0.961 0.962
0.908 0.920
0.234 0.268

Also, regression analysis accounted for 46.8% of the
variance in the MEP variable [R?=0.468; F(8.41)=4.52,
p<0.005] (Table 3). According to our results, age (Beta
coefficient + SE: -0.95+0.53; p=0.081; R>=0.066), sex (Beta
coefficient + SE: -37.35+20.98; p=0.083; R?=0.174) and
MBI total score (Beta coefficient + SE: 0.91+0.26; p<0.005;
R2=0.202) were statistically significant predictors of the
MEP variable.

In addition, regression analysis of stepwise model
accounted for 44.2% of the variance in the MEP variable
[R?=0.442; F(3.46)=12.17, p<0.005]. According to our
findings, age (Beta coefficient + SE: -0.93+0.40; p=0.024;
R?=0.066), sex (Beta coefficient + SE: -43.95+13.24;
p<0.005; R?=0.174) and the MBI total score (Beta
coefficient + SE: 0.8+0.262; p<0.005; R?=0.202) were
the strongest statistically significant predictors of the
MEP variable (Table 3).
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Multiple linear regression of Maximal Inspiratory Pressure
and Maximal Expiratory Pressure-Stroke group

In the stroke group, regression analysis accounted
for 42.1% of the variance in the MIP variable [R?=0.421;
F(5.44)=6.39, p<0.005 1. According to the yielded results,
moderate level physical activity history prior to stroke (Beta
coefficient + SE:18.2+5.7; p<0.005; R?=0.273), MBI total
score (Beta coefficient + SE:0.18+0.10; p=0.089; R?=0.082)
and Social functioning subscale of the SF-36 questionnaire
(Beta coefficient + SE:-0.22+0.12; p=0.080; R?=0.04) were
found to be statistically significant predictors of the MIP
variable (Table 4).

Also, regression analysis accounted for 45.1% of the
variance in the MEP variable [R?=0.451; F(4.45)=9.26,
p<0.005]. According to ourresults, the statistically significant
predictors of the MEP variable were: a history of moderate
level physical activity before stroke (Beta coefficient +
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SE:16.8+6.6; p=0.014; R?=0.096), the MBI total score (Beta
coefficient + SE:0.42+0.12; p<0.005; R?=0.300) and the SF-
36 instrument Social functioning subscale (Beta coefficient +
SE:-0.26+0.14; p=0.071; R?=0.043) (Table 4).

Correlation between the MBI total score of SCI patients
and MIP and MEP values, based on ASIA classification and
neurological level of injury, is presented in Table 5. MBI total
score correlation with MIP was very high for the ASIA A and
B groups (r=0.873 and r=0.948 respectively), and with MEP,
very high for the ASIA A (r=0.923) and high for the ASIA B
group (r=0.796). It was found moderate for the ASIA D group
(r=0.416 for MIP, r=0.421 for MEP) and no correlation was
present for the ASIA C group (r=0.160 for MIP, r=0.150
for MEP). Very high correlation was also recorded for the
SCI participants in the NLI groups of C4-C5, C6-C8 and
T1-T6 (r=0.870, r=0.961 and r=0.908 respectively), with
no correlation present in the NLI T7-L4 group (r=0.234).
However, it must be noted that these correlations are not
particularly valid due to the small number of participants.

Discussion

It has been reported in literature that age is inversely
correlated with respiratory muscle strength in the general
population and, even though normal values may differ
among studies, they present a similar trend of decline''2.
This conclusion was also reached by the present study, with
univariate analysis findings indicating a moderate negative
correlation between age and MIP and MEP values in both
stroke and SCl participants. Another factor strongly affecting
maximal respiratory pressure is sex"'2'3, Different normal
values have been set for males and females, with males
exhibiting higher measurements for both MIP and MEP' 213,
This result was also reached by our findings, particularly in
the SCI group, with male participants presenting with higher
values for both MIP and MEP than female participants. This
trend was also present in MEP value measurements in the
stroke group, but not in MIP.

From the limited available data in literature, one would
expect that no correlation would be found between the
functional status level of stroke participants, as evaluated by
the MBI total score, and their respiratory muscle strength.
Martinez Machado et al studied 15 stroke patients by
recording their MIP and MEP values, together with their
physical function level by the six-minute walk test (6MWT)®.
They observed that, even though all measured variables (MIP,
MEP, 6MWT) were found statistically lower than reference
values (p<0.001), no statistically important correlation
was found between respiratory muscle strength values and
physical function via the 6MWT®. Similar results were found
by Pompeu et al, who documented MIP and MEP values,
the Trunk Impairment Scale, the Functional Independence
Measure and the Berg Balance Scale in 15 stroke survivors,
but recorded no correlation between respiratory muscle
strength and the functional capacity scales used®. In this
light, the results of the present study depicting statistically
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important correlation coefficients between the MBI total
score and MEP values in both males and females with stroke,
as well as between MBI total score and MIP values in females
with stroke, are an interesting new finding in a group of 50
participants (27 male, 23 female).

Also, in accordance with previous findings6, we
documented a positive trend between the functional status
of both male and female SCI participants, as recorded by
the Modified Barthel Index total score, and the maximal
inspiratory and expiratory pressure values.

In a different population study, Huzmeli et al compared
33 stable angina patients with 30 healthy controls and
documented, among other variables, MIP, MEP and the Short
Form SF-36 questionnaire?’. Even though significant lower
MIP and MEP patient values were recorded, as well as all
other SF-36 subscales were found significantly lower in the
patient group compared to the control group, no significant
difference was documented in the social functioning subscale
scores between the two?’. However, this was not the case
in our study, with findings depicting a moderate positive
correlation between the SF-36 social functioning subscale
and MIP and MEP values in the SCI population and was even
found to be one of the statistically significant predictors of
both respiratory muscle strength variables. On the other
hand, social functioning was moderately negatively correlated
with both MIP and MEP in the stroke group.

It has been observed that physical activity is a factor
repeatedly associated with respiratory muscle strength in
various patient populations and that both MIP and MEP values
improve by exercise training, regardless of the protocol
used''#'¢, To our knowledge, however, respiratory muscle
strength has not been linked before with a personal history
of moderate level physical activity, prior to injury. In the
present study, SCI patients who practiced moderate physical
activity prior to injury had higher MIP measurements. The
same was true for stroke participants with such a history,
who exhibited higher values in both MIP and MEP, and in the
multiple regression model, history of this type of physical
activity was found to be a statistically significant predictor of
both respiratory muscle strength variables.

There are few studies addressing the impact of diabetes
mellitus on respiratory muscle strength indices. Al-
Khlaiwi et al assessed respiratory muscle strength in 110
type 2 diabetes mellitus (type 2 DM) patients compared
to 119 controls and found that the patient group exhibited
significantly lower MIP values than the control group, with
no significant difference in MEP values between the two
groups?8. Fuso et al studied 75 type 2 DM patients versus
40 healthy controls and came to similar conclusions
regarding diabetes and MIP values negative correlation?®,
On the other hand, Heimer et al examined respiratory
muscle strength in 31 type 1 DM patients against an
age, sex and weight matched control group and found
no significant differences in either MIP or MEP values
between the two groups3°. In our study, we observed
that individuals belonging to the SCI population without
diabetes mellitus presented with higher values in both MIP
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and MEP variables, compared to those with diabetes.
Among the limitations of the present study, we must
acknowledge that both inpatients and outpatients with
stroke and SCI were included, at different phases of their
rehabilitation timeline and in post injury time intervals
which varied from one month to fifteen years. Sample size
determination, though not conducted by power analysis, was
based on previous literature. There was also a smaller number
of female participants recruited, especially in the SCI group,
which, however, is usually the case in SCI demographics.
Additionally, the specimen in most SCI subgroups (Table 5) is
considered small for reaching statistical conclusions. Finally, it
must be noted that personal history of moderate level physical
activity was established by participant statement only.

Conclusion

Respiratory muscle strength decline with age progression
has been confirmed in both stroke and SCI cohorts. Gender
correlation has also been observed, with men exhibiting
higher MIP and MEP values in the SCI group and higher MEP,
but not MIP, in the stroke group. In the ASIA D SCI subgroup,
the MBI total score in males and females was moderately
positively correlated with MIP and MEP values. In the stroke
group, positive correlation was found between MBI total
score and MEP for both sexes and MBI total score and MIP
in females. The SF-36 social functioning subscale presented
moderate positive correlation with MIP and MEP in SCI, but
moderate negative correlation with both variables in stroke
patients. SCI participants without diabetes mellitus exhibited
higher maximal respiratory strength values compared
to those with diabetes. An interesting finding was that a
personal history of moderate level physical activity prior to
injury was linked to higher MIP and MEP values in the stroke
group and to higher MIP measurements in SCI individuals.
Bearing in mind the limitations of the present study, we
conclude that age, sex, functional capacity, SCI classification,
quality of life components, history of physical activity
and diabetes influence respiratory muscle strength in the
studied population. We believe our findings could influence
rehabilitation planning and decision making in clinical
practice for SCI and stroke patients based on their different
demographics and co-morbidities.

Ethics approval

The study was approved by the research ethics committees of the two
hospitals, KAT Hospital in Athens (protocol number 25/05-12-2017,
approval date: December 6", 2017) and the National Rehabilitation
Centre in lIlion (protocol number 05/13-02-2018, approval date:
February 2™, 2018), before recording began.

This research study was conducted in compliance with the World
Medical Association Declaration of Helsinki — Ethical Principles for
Medical Research Involving Human Subjects.

Consent to participate

All patients provided their informed consent to participate in the
present study.
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