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INTRODUCTION

Measurement plays a crucial role in physiotherapy practice by
optimizing the effectiveness of interventions '. Clinical measurements
also aid in prognosis, enhancing intervention planning, and leading to
more tailored and effective treatment strategies. However, when
applying a measurement in a new context, culture, or population, it is
essential to investigate its validity and reliability to ensure accurate
and meaningful results 2. Furthermore, the need for standardized
equipment can hinder the accessibility and implementation of clinical
measurements, particularly in middle- and low-income countries
where resources may be limited 3. The lack of, or infrequent
measurement, reduces the effectiveness of interventions, which
increases healthcare costs and diminishes societal well-being,
creating a cycle of disease burden and risk factors.

In Vietnam, clinical evaluation and measurement in physiotherapy
are not yet routinely performed due to the lack of appropriate
assessment tools. Several contributing factors to the unavailability of
physiotherapy assessments are the limited research capacity of
physiotherapists and the restricted accessibility of equipment. This
presents a significant barrier to advancing physiotherapy practice
and improving patient outcomes '. Therefore, accessible and
validated measurement tools are important. Thus, this project was
conducted to validate assessment tools, specifically in the context of
a middle-income country, which is crucial to improving clinical
evaluation and measurement.

However, the extreme diversity in medical assessment properties
and their definitions has led to inconsistencies and incomparable
research findings across different tools, consequently impairing the
conclusions of appropriate and well-designed existing studies “. For
instance, inconsistent terminology for concepts like reliability, which
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can also be referred to as reproducibility, stability, repeatability, and
precision, complicates the interpretation and synthesis of research
results. Therefore, to acquire reliable results while investigating the
assessment instruments’ properties, the Consensus-based
Standards for the selection of health Measurement Instruments
initiative (COSMIN) has to be followed 2. It provides methodological
guidance for the development, selection, and evaluation of health
measurement instruments, which helps to minimize the risk of bias.
The three important properties of a medical measurement are
validity, reliability, and responsiveness 2. Validity is the property that
indicates the capacity of a measurement to accurately measure what
it is intended to measure. Reliability is the capacity to demonstrate
the same result under the same conditions at two different times,
allowing clinicians to recognize changes in patients’ conditions.
Changes in disease or health status over time are important, that is
responsiveness characteristic of a measurement. Adhering to
COSMIN standards ensures that the validation process is
comprehensive and rigorous.

Furthermore, not all assessments are direct and straightforward. For
instance, assessing quality of life presents its own set of challenges
due to its subjective nature. Similarly, dyspnea or hyperventilation
syndrome can be ambiguous and vague to measure, presenting a
considerable challenge for precise quantification in clinical settings.
In such situations, questionnaires are typically used to capture the
subjective perspective. Utilizing the COSMIN taxonomy provides a
systematic approach to assess and adapt these subjective
instruments for the Vietnamese context, thereby enhancing both their
validity and cross-cultural relevance.

To make assessments more accessible and available for Viethamese
physiotherapists and to expand the scientific understanding of clinical
evaluation, this thesis conducted studies in three main areas:
respiratory muscle function, functional exercise capacity, and the
translation and validation of questionnaires commonly used in
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physiotherapy assessment. Each assessment area was selected to
address specific needs and gaps in the current physiotherapy
practice in Vietnam. The studies of this thesis adhered to the
COSMIN initiative. The thesis comprises four chapters:

Chapter 1: Respiratory Muscle Assessment and Training

Chapter 2: Functional Exercise Capacity Assessment for persons
with heart failure

Chapter 3: Translation, Validation, and Reliability Investigation of
Questionnaires in Vietnamese.

Chapter 4: General discussion and future studies
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Chapter 1: Respiratory Muscle Assessment and Training

1. Respiratory muscle training: the supportive evidence

The respiratory system requires harmony between the lungs, the
mechanical pump, and the central control to maintain optimal
function. Any impairment in any of these systems can deteriorate
respiratory function and reduce health status and well-being.
Specifically, respiratory muscle weakness is common in individuals
with chronic respiratory diseases and can significantly impact their
quality of life. Recently, respiratory muscle training, particularly
inspiratory muscle training (IMT), has emerged as a promising
intervention in many conditions to enhance respiratory muscle
strength and endurance, resulting in improved functional capacity
and reduced dyspnea. To contribute to the implementation of
respiratory muscle training, an investigation of the effectiveness of
IMT for different populations is necessary. The thesis conducted two
systematic reviews to evaluate the effectiveness of IMT for specific
populations, including persons with lung cancer after surgery and
persons with heart failure. Another aim of this project was to
determine the optimal IMT program, identifying the most appropriate
intensity and duration for each population studied.
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The effect of inspiratory muscle training in patients with lung
cancer after surgery: A systematic review.

Ngoc-Minh Nguyen; Fabien Latiers; Frank Aboubakar Nana; Valérie
Lacroix; Gregory Reychler

Adapted from: Rehabilitation Oncology,p 202 — 212, October 2023
DOI: 10.1097/01.REO.0000000000000352

Abstract

Objective: The standard of care treatment for potentially resectable
lung cancer (LC) is surgery. However, postoperative pulmonary
complications (PPCs) and impairments in physical capacity are
common. Recently, the effect of inspiratory muscle training (IMT) in
postoperative patients with LC (PWLC) was investigated in these
outcomes in different studies. The purpose of this systematic review
was to synthesize the effect of postoperative IMT (P-IMT) on PPCs
and physical capacity in PWLC.

Database: PubMed, EMBASE, Cochrane, and CINAHL were
searched.

Study  Selection: Randomized  controlled  trials, including
control/sham group, IMT as the intervention group, and key
measures including PPCs, 6-minute walk test (6MWT), VOzpeak,
maximal inspiratory pressure (MIP), maximal expiratory pressure
(MEP), quality of life (QoL), physical activity level, hospital length of
stay, spirometry.

Data Synthesis: The quality of the studies was assessed using the
Physiotherapy Evidence Database (PEDro) scale. The outcome
findings were compared and interpreted.

Results: Five studies with 249 patients were analyzed. The PEDro
scores of studies ranged from 6 to 8. There is no significant
difference in PPCs between the groups. The effects of P-IMT on the
6MWT, VO2preak, MIP, MEP, and QoL were ambiguous. No effect of P-
IMT on spirometry was reported.
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Conclusion: No effect of P-IMT in PPCs was reported. The effect of
P-IMT on physical capacity and respiratory muscle strength was not
observed. The level of the effect of P-IMT on hospital length of stay
and postoperative physical activity was low. No optimal setting of P-
IMT for PWLC with surgery was found. More studies are needed.

Key words: Inspiratory muscle training, Lung cancer, postoperative
pulmonary complications.

Introduction

Lung cancer (LC) is one of the leading causes of death in the world,
with more than 1.8 million deaths 5 Recently, there were
improvements in LC management and minimally invasive surgical
approaches, with a reduction in mortality %2, Unfortunately, the
postoperative pulmonary complications (PPCs) rate is between
29.9% and 36.6% in the elderly population, depending on the type of
operation (segmentectomy, lobectomy, or pneumonectomy) %10, The
decrease in physical function in survivor PWLC was also reported up
to 2 years after surgery'’. Investigating the potential effect of IMT on
physical capacity is important due to the inverse correlation between
physical capacity and the risk of death in PWLC'2'3, One focal point
of PWLC surgery was respiratory muscle weakness 415, Indeed, the
inspiratory muscle weakness induces impairment of cough, chest
compliance, and physical capacity, and is associated with PPCs 16-20,
To address these postoperative issues, inspiratory muscle training
(IMT) has emerged ?'.

Several systematic reviews with meta-analysis showed the
effectiveness of preoperative IMT in PWLC, but the evidence of
postoperative IMT (P-IMT) was scattered 2223, Moreover, the
guidelines for dosing of P-IMT, such as intensity, frequency, and
time, are not yet understood.

This systematic review was conducted, first, to summarize the effects
of P-IMT on PPCs, physical capacity, maximal inspiratory pressure
(MIP), maximal expiratory pressure (MEP), Quality of life (QoL),
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physical activity level, hospital length of stay, and lung function after
LC surgery. Secondly, the settings of the programs of P-IMT were
also summarized in PWLC after surgery.

Method

The preferred reporting items for systematic review and meta-
analysis guidelines (PRISMA) were used to conduct this review 4.

Literature search

Four electronic databases were used for searching: PubMed,
EMBASE, Cochrane Library, and CINAHL. The equation of searching
strategy in PubMed was based on PICO criteria and as follows:
("inspiratory muscle training"Title/Abstract) OR (IMT(Title/Abstract)
OR ("respiratory muscle training"(Title/Abstract)) AND (lung* AND
(carcinogen* OR sarcom* OR tumor* OR tumour* OR carcinoma*
OR cancer* OR neoplasm*)) AND (“postoperative” OR “post-
surgery”). The equation was adapted to the other databases. The
searching and screening were conducted independently by two
reviewers (N-M. N. and G. R.). There was no publication date
limitation for the search.

Study selection

Studies were selected based on the following inclusion criteria: 1) the
main purpose of studies was to investigate the effect of IMT in the
postoperative lung cancer population; 2) randomized controlled trial
including sham/control group; 3) outcomes including at least one of
following measures: PPCs, 6MWT, MIP, MEP, QoL questionnaires,
physical activity level, hospital length of stay, and lung function.

Exclusion criteria were: 1) non-English language, 2) studies including
preoperative IMT intervention, and 3) inclusion of diseases other than
lung cancer.

After removing duplicated studies with EndNote 25, two independent
reviewers (N-M. N., G. R.) screened all potential studies by title and
abstract. Then, a full test reading was performed with the selected
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studies. The final list of included studies was discussed and
confirmed by consensus.

Quality assessment

The quality of studies was checked by the online Physiotherapy
Evidence Database (PEDro) website and then assessed again by
one reviewer (N-M N). The PEDro scale includes 11 items with a
score of zero or one 2%, Item 1 (eligible criteria) is not included in the
cumulative score; thus, the maximal score was 10. The higher the
score, the better the internal validity. These items satisfied the core
set of items for RCTs’ quality assessment 2. The levels of quality
were divided into three groups: good (>6), fair (4-5), and poor (<3) 2.

Data extraction

The extracted data from all included studies were: 1) characteristics
of demographic data (sample size, age, BMI, smoking, MIP); 2) type
of surgery; 3) intervention program of study and control group
(method, duration, starting point); 4)  outcomes (PPCs, 6MWT,
VOzpeak, MIP, MEP, QoL, hospital length of stay, spirometry). Data
extraction was conducted independently by two reviewers. The final
table of data was cross-checked.

Result
Study selection

After a comprehensive literature search, there was a total of 201
studies met the inclusion criteria (Figure 1). After Title/abstract
screening, 27 studies were assessed by full-text reading. Five
articles were included in the final systematic review (Figure 1).
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Figure 1. A Flow chart of the search strategy
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Study description and quality

The five RCTs included 276 patients with a confirmed diagnosis of
LC. All patients underwent surgery. The types of surgery included
open surgery (134 participants) and video-assisted thoracic surgery
(VATS) (142 participants). There was a dropout of 27 participants in
three studies, thus, 249 participants were analyzed after training.
One study included only PWLC with VATS 2°, the others combined
both types of surgery, with no significant difference in the open-VATS
surgery ratio between the control group (CG) and intervention group
(IG) 3033, The median age of the participants was 64.2 (70.5; 53.3).
Body mass index (BMI) was in the normal or overweight range 3*.
The smoking rate was above 60% in the four studies reporting this
rate 3'. There was no significant difference in demographic
characteristics between IG and CG in all studies (P>0.05) (Table 1).

The median PEDro score was 7. All the scores were between 8 and
6.

Intervention description

All the patients from IG received P-IMT combined with a rehabilitation
program. The rehabilitation programs were composed of aerobic
training, breathing exercise, positive expiratory pressure, early
mobilization, airway clearance techniques, strength limb exercise,
physical activity advice, and respiratory muscle training (RMT). The
duration of training was from 2 weeks to 8 weeks 3932 In one study,
the training program was finished when patients were discharged
without a fixed duration 33. One study started the training 4 days after
surgery, and it continued until 6 weeks after discharge 2°. Three
studies started the training 1-to-2-day after surgery without
mentioning the tube removal %3133 and one study started at 4-6
weeks post-surgery 32.

The control groups received the same rehabilitation program in three
studies 2°-31.33, One CG received only physical activity advice. Two
studies used Powerbreath, two others used Threshold, and one
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study combined inspiratory and expiratory muscle training (IEMT)
with an Oxygen dual valve. The intensity of P-IMT varied from 15% to
50% of the maximal inspiratory pressure, and the training frequency
ranged from 100 to 120 repetitions a day and 3 to 5 days a week
(Table 2).
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Table 1. Characteristics of studies

First Design Sample  Mean Gender BMI  Smoking  Pre-op Surgery PEDro
author size age (Female/Male) rate MIP score
(year) (Years) (cmH20) "VATS  Thoracotomy
Brocki et IG: IMT + 34 69.7 = 14/20 254 33/34 82.8 + 59% 41%
al. (2015)  Rehab 7.9 +43 26.8 8
% CG:rehab 34 705+  15/19 280 30/34 785+ 44%  56%
7.5 +5.7 29.5
Brocki et IG: IMT + 34 708 14/20 26+ - 83+ 27 59% 41%
al. Rehab 4 ;
(2018 "CG:irehab 32 70£8  13/19 28+ - 78+29  44%  56%
6

Mesaggi- IG: IEMT + 16 64.2 + 8/8 281 13/16 69.4 + 12.5% 87.5%
Sartor et aerobic 8.1 +4.6 25.0 5
al. % CG: Health 21 64.6 = 3/18 26.8 20/21 75.4 4.8% 95.2%
(2018) advice 8.9 +3.1 30.4
Taskin et IG:IMT+CT 20 53.3 % 5/15 26.5 17/20 65.1 15% 85%
al. (2020)  +early 10.4 +4.0 15.5
33 mobilization 7

CG:CT + 20 571+ 713 284 13/20 59.2 + 15% 85%

early 8.7 +6.1 13.7

mobilization
Liu et al., IG: IMT + 28 66.3 = 18/10 73% 18/28 53.5 100%
(2021) 2° aerobic + 7.9 >23 15.6

rehab 7

CG: rehab 26 64.2 + 14/12 57% 23/26 49.4 + 100%

5.9 > 23 15.1

Abbreviations: BMI, body mass index; CG, control group; CT, chest therapy; IEMT, inspiratory-expiratory muscle training; |G, intervention

group; IMT, inspiratory muscle training; pre-op MIP, preoperative maximal inspiratory pressure; rehab, rehabilitation program; VATS,

video-assisted thoracoscopic surgery.
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Table 2. Characteristics of the interventions and results

Time

First ; o IMT program
author  Sample Inéfcr)\éergtrﬁm (beginning _ prog | Outcome findings
(year) duration) Intensity Frequency Device
Brocki et SG: 34 IMT + Rehab: after 15% MIP, 30x2 Powerbreath PPCs:
al. (2015) mobilization, deep  surgery, increase 2 Twice a day e  Hypoxemia: IG (5/34) vs CG
breathing, PEP, 2w cmH»0/d Daily (12/34), P = .049
cough. e  Pneumonia: same
CG: 34 Rehab: after - - - presentation than for
mobilization, deep  surgery, hypoxemia, P = 0.14
breathing, PEP, 2w e Atelectasis: idem, P =0.11

cough
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6MWT:

IG: D=-48.1+x719m,P<
0.001
CG:D=-317+£79.1m, P>
0.05

=-16.4 m, 95% CI, -52.4 -
21.3,P=0.21

IG: MD = .21 £ 17.9 cmH,0,
P >0.05
CG:MD=-4.92+15.1
cmH.0, P > 0.05

D =4.5 cmH;0 (95% ClI, -
3.85-12.85), P=0.22

IG:MD =-4.7+16.3
cmH,0, P > 0.05
CG:MD=-05+%16.2
cmH,0, P > 0.05

D =-4.12 cmH;0 (95% Cl,
-12.27 -4.04), P =0.26

Spirometry:



FVC (% Pred): no
difference, P = 0.57

FEV1 (% Pred): idem, P =
0.14

Brocki et SG: 34 IMT + Rehab: after 15% MIP, 30 x2, Powerbreath QoL: IGvs CG: P=0.8
al. (2018) mobilization, surgery, increase 2 Twice a Physical activity scale 2.1:
positive expiration 2w cmH.0/d day, e Sedentary: IG (6%) vs CG
pressure, cough. continued (22%) P = 0.006
for 2w e Low activity: IG (56%) vs
CG: 32/34  Rehab: after - - - CG (66%) P = 0.006
mobilization, surgery, e Moderate activity: IG (38%)
positive expiration 2w vs CG (12%) P = 0.006
pressure, cough
Mesaggi- SG: 11/16  IEMT + Aerobic 4-6 wpost-  50% 10 x5 Orygen dual 6 months after surgery
Sartor et surgery, MIP/MEP, twice a day, valve VO2peak: MD = 2.13 ml/Kg/min
al. (2018) 8w increase 10  3d/w (95% ClI, 0.06 - 4.20), P = 0.044
cmH,O/w MIP:
CG:13/21 PA advice, WHO-  4-6 w post- - - - e |G (% Pred): Pre (68.5 +
recommended surgery 27.5) — Post (83 + 21.2)
exercise o CG (% Pred): Pre (71.6 +
encouragement 32.9) — Post (70 £ 29.1)
e  MD between 2 groups =
13.42 cmH;0 (95% ClI, 2.7 -
24.1), P =0.015
MEP:
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IG (% Pred): Pre (64.5 £
19.5) — Post (78.4 £ 17.8)
CG (% Pred): Pre (62.2 £
21.6) — Post (68.8 + 20.1)
MD between 2 groups =
18.58 cmH,0 (95% Cl, 4.0 -
33.1), P=0.023

QoL: improve EORTC QoL-C30
score after intervention, but no
significant difference between IG



and CG (P > 0.05)

Taskin et SG: 20 CT + early 1-2 days 15% MIP, 10 x6 Threshold IMT  6MWT: 6 months after surgery
al. (2020) mobilization + IMT  after Increase 2 Once/d, e |G MD=-2954+1223 m,
surgery, cmH»0/d 5ds/w P >0.05
around 2w up to 45% e CG:MD=-115.2+128.9m,
CG: 20 CT + early 1-2 days - - - P <0.01
mobilization after e D=8572m (95% Cl,
surgery, 166.15 - 5.28), P = 0.037
around 2w MIP:
e |G:MD=3.1+%17.3 cmH;0,
P >0.05
e CG:MD=-81164
cmH0, P > 0.05
e D=11.05(95% Cl 21.84 to
0.25), P =0.045
MEP:
e |IG:MD=1.1+%17.7 cmH;0,
P >0.05
e CG:MD=-24.1%34.6
cmH;0, P <0.01
e D=2523(95% Cl, 42.83 -
7.62), P =0.006
Hospital stays: IG (9.1 £ 3) vs
CG (12.9+4.2) P =0.002
Liu et al. SG: 26/32 Aerobic +IMT+ 4 days after  30% MIP, 10-15 Threshold IMT  PPCs:
(2021) rehab (breathing surgery), increase to  3-4 /d, daily e  Pneumonia: idem, P =
control, limbs 6w 45%MIP 0.165

exercises, airway

e Atelectasis: idem, P = 0.295

cleargnce ARDS: idem, P = 0.519
.technl_que, e Respiratory failure: idem, P
incentive =0.519

splrometw, lung e  Subcutaneous emphysema:
expansion)
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CG: 28/31 Rehab (breathing (4 days idem, P = 0.893

control, limbs after e Airleak: idem, P =0.177
exercises, airway  surgery), 6MWT at week 2:

clearance 6w e C(CG(3329+784)vsIG
technique, (412.57 £ 74.2) P = 0.002
incentive 6MWT at week 6:

spirometry, lung ¢ CG(306.8+70.6)vsIG
expansion) (419.02 £ 60.7) P = 0.007

6MWT at week 12:

e CG(306.9+58.2)vsIG
(402.4 +65.2) P =0.036

MIP at week 2:

o CG(774+349)vsIG
(91.9+25)P=0.124

MIP at week 6:

e CG(71.7+£279)vsIG
(94.3 +32.8) P=0.018

MIP at week 12:

e CG(80.0+30.9)vsIG
(95.7 £34.7) P=0.120

MEP at week 2:

e CG(709+243)vsIG
(90.9 £ 28.1) P =0.015

MEP at week 6:

o CG(79.1+245)vsIG
(94.8 £ 30.4) P = 0.066

MEP at week 12:

e CG(76.1+£20.2)vsIG
(98.6 £ 35.3) P =0.012

Abbreviations: ARDS, acute respiratory distress syndrome; CG, control group; CT, chest therapy; FEV1, first second of forced expiration; FVC,
forced vital capacity; IEMT, inspiratory-expiratory muscle training; |G, intervention group; IMT, inspiratory muscle training; MD, mean difference;
MEP, maximal expiratory pressure; MIP, maximal inspiratory pressure; PA, physical activity; PEP, positive expiratory pressure; PPC,
postoperative pulmonary complication; QoL, quality of life; rehab, rehabilitation program; 6MWT, 6-minute walking test; WHO, World Health
Organization.
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Pulmonary Postoperative Complications

Postoperative pulmonary complications (PPCs) were assessed in
two studies. Only one study reported a significantly lower rate of
hypoxemia in the 1G than in the CG (15% vs 35%, P = 0.049), but no
difference in pneumonia (P = 0.14) or atelectasis (P = 0.11) between
the two groups without associated with the type of surgery 3°.
Another study reported the same result of PPCs in two groups, with
VATS used in both groups 2°.

Physical capacity

Three studies assessed 6MWT 223033 Only two of them
demonstrated a significant difference in the walking distance
between the two groups. One of them showed a significant difference
after two weeks, six weeks, and 12 weeks 2°. The other reported a
significant decrease in 6MWT in CG, while there was no significant
change in IG; the difference between the two groups was statistically
significant 33,

One study assessed VOzpeak, and the authors reported a significant
improvement in the |G compared to the CG 32,

Maximal inspiratory pressure and Maximal expiratory pressure

Maximal inspiratory pressure (MIP) was assessed in four studies.
Three studies showed a significant difference in MIP between the two
groups. One reported a significant difference at 6 months after
surgery 33, and one after 10 to 12 weeks since the end of the
intervention 32. One of them reported a significant difference at week
6, but not at weeks 2 and 12 2°. Another study demonstrated no
significant difference between IG and CG (P=0.22) 0.

Three of the four studies that investigated MEP demonstrated a
significant difference in MEP between the two groups 3233 but one of
them only reported a significant difference at weeks 2 and 12, but not
at week 6 2°.
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Quality of Life

Two studies that assessed QoL reported no significant difference
between IGs and CSs. One study used EQ-5D-5L (P=0.8) 3'. The
other assessed QoL using the European Organization for Research
and Treatment of Cancer Quality of Life (EORTC QL-30) (P>0.05) 32,

Physical activity level

One study assessed PA by using the physical activity scale 2.1
reported less sedentary and more moderate activity levels in the 1G
than in the CG (P = 0.006) 3'. Another study assessed the physical
functioning scale with EORTC QL-30, finding no significant difference
between the two groups (P > 0.05) 32.

Hospital length of stay

Only one study assessed the hospital length of stay as an outcome.
It was shorter in the IG (9.1 + 3 days) than in the CG (12.9144.2 days)
(P=0.002) 3.

Spirometry

Only one study assessed the effect of P-IMT on lung function,
without a significant difference between IG and CG 3°.

Discussion

This systematic review focused on the effect of P-IMT after surgery in
PWLC. There was insufficient evidence to promote the use of P-IMT.
The included studies were heterogeneous in terms of intervention
programs, which made it challenging to analyze the results. Due to
the few studies, the findings should be cautiously interpreted.

The effect of P-IMT on PPCs was difficult to analyze because of the
methodology of the studies. According to the result, the earlier
starting point with a higher %MIP did not show more benefit in PPCs
compared to the four-day delayed lower intensity P-IMT. The longer
duration of the 6-week P-IMT did not show any benefit on PPCs
compared with the 2-week program. However, due to the natural
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recovery process of the operative lung being 6 weeks, the
assessment conducted earlier than 6 weeks after surgery may not be
good for evaluating the effect of P-IMT in PPCs 35. In addition, the
high rate of smoking and high BMI in these studies, which also
increases the risk of PPCs 36, should be considered while interpreting
the results. The benefit of P-IMT on PPCs with different surgery
types was not found. However, with the same percentage of
subcutaneous emphysema and air leak in both groups, P-IMT did not
increase these risks, contributing to the feasibility of P-IMT in
postoperative PWLC. Therefore, P-IMT can be used to improve
diaphragm function after surgery 37-4°. More studies are needed to
clarify this point, as well as the ideal characteristics of the program.

Studies in this systematic review showed that the short-term effect of
P-IMT on 6MWT was unclear. Noticeably, the two studies, which
showed a benefit in BMWT 2232 added aerobic exercise in the IG but
not in the CG; therefore, aerobic exercise can be the reason for the
improvement of 6MWT 4143, In addition, it was impossible to
recommend when to start P-IMT due to the different starting points in
the included studies. The result of this review did not suggest any
ideal setting of P-IMT for the improvement of 6MWT. Despite the
similar duration, intensity, and frequency of P-IMT in the two studies,
only one of them reported a significant difference in 6MWT between
the two groups 3933, Due to this discrepancy, concluding the short-
term effect of P-IMT on 6MWT was challenging. The ideal intensity
and frequency of P-IMT for short-term 6MWT could not be
determined. With only one study, it was difficult to assess the effect
of P-IMT on VO2peak. Like 6MWT, the improvement of VO2peak may be
induced by aerobic exercise applied in IG but not CG 443, The same
caution should be applied while interpreting the effect of mid-to-long-
term P-IMT on physical capacity. More studies with longer follow-ups
are needed to understand the specific role as well as the ideal
characteristics of P-IMT on physical capacity.

As noted earlier, understanding the effect of P-IMT on inspiratory
muscles is important because of the negative correlation previously
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observed between MIP and PPCs 44 With similar intensity and
frequency, the short-term effect of P-IMT on MIP was contradictory.
Two studies reported a significant short-term reduction in post-
operative MIP prior to recovering to the pre-operative state without
significant difference between the two groups 333, Thus, the decline
may be due to inspiratory muscle dysfunction caused by
postoperative pain in the early days 4°. And the recovery of MIP can
be a natural process after 2 weeks of surgery 46. There was
insufficient evidence to suggest that P-IMT had different efficacy in
patients with different surgeries. More studies are needed to
understand the effect of P-IMT on MIP.

According to our results, the mid-to-long-term effects of P-IMT on
MIP were weak. Two studies showed a significant difference in MIP
between IG and CG with 6-to-8-week training 2°32. However, both
studies included aerobic exercise in IG but not in CG; thus, the
improvement of aerobic-induced general health can be the reason for
the enhancement of MIP #7. Noticeably, the significant difference in
MIP between the 2 groups disappeared after 12 weeks post-surgery
29 Thus, retaining training may be a good recommendation to
maintain MIP, especially in elderly people 48.

For the MEP, the evidence was conflicting. Two out of the three
studies showed short-term benefits of MEP 2°33, As no changes were
observed in IG contrary to the CG, it is suggested that P-IMT can
maintain or promote the recovery of MEP 33, However, this study
applied PEP for control and intervention groups. Although PEP
cannot be exactly defined as expiratory muscle training, it has to be
considered while interpreting the results 4°. Another study reported a
significant reduction in MEP after surgery, but recovered to pre-
surgery status after 2 weeks in both groups without a significant
difference between the two groups 3. Thus, recovery may be the
natural process after surgery 46. Although there was some supportive
evidence, it was challenging to define the effect of P-IMT on short-
term MEP.
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The improvement of the long-term MEP was observed 2°32. However,
the effect should be cautiously interpreted since aerobic exercises,
which were applied in 1Gs but not in the CGs, may be the reason for
the improvement 4'. Besides, the MEP reevaluation time of these
studies was less than 12 weeks, which was believed to be not long
enough to reverse the strength induced by resistance training 50-%3,

Due to the importance of the change in QoL, PA level, hospital length
of stay, and spirometry in the LC population, investigating the effects
of P-IMT in these aspects was worthy %7, However, with only one
study assessing each of the outcomes stated above, it was difficult to
conclude. In addition, the time of the QoL assessment in the included
studies was too early to catch the true score. Indeed, QoL was
usually assessed 6 months after surgery '"-°8. Our result reported a
higher PA level with P-IMT 3'. The reason can be the improvement of
the whole-body exercise capacity contributed by inspiratory muscle
strengthening, which facilitates the PA level %°. One study reported a
shorter hospital length of stay with early IMT 33. The earlier discharge
was only observed in |G despite early mobilization, which was
believed to reduce the hospital length of stay, was applied in both
groups %081 Therefore, P-IMT can promote the earlier discharge after
LC surgery. No effect of P-IMT on spirometry tests was found in this
systematic review, with only one study assessing spirometry. In
addition, the test was conducted at week 2 postoperatively, when
pain can still impair breathing maneuvers, leading to unreliable
results 62,

The main limitation of this review was the small number of studies.
With only five studies included, data extraction and analysis were
challenging. The included studies had a heterogeneous population
with differences in intensity and training programs. Thus, it made the
comparison difficult. The wide range of duration and starting point of
intervention was also another limitation. In addition, the inconsistent
outcomes measurement also challenged the interpretation.
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Conclusion

Overall, this systematic review reported conflicting results of P-IMT in
PWLC with surgery. No effect of P-IMT in PPCs was reported. The
effect of P-IMT on physical capacity and respiratory muscle strength
was not clear. P-IMT can be used as an additional therapy to
improve hospital length of stay and postoperative physical activity
levels with a low level of evidence. In addition, we could not find the
optimal setting of P-IMT for PWLC with surgery. Further studies with
clear settings of the intervention program and specific outcomes
should be conducted to confirm the role of P-IMT on PWLC with
surgery.
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Abstract

Introduction: Recently, inspiratory muscle training (IMT) has
emerged as an alternative therapeutic approach for patients with
heart failure (HF), characterized by ventilation inefficiency and
reduced functional capacity. However, the evidence regarding the
effects of IMT on patients with HF remains ambiguous. This meta-
analysis aims to investigate the impact of isolated IMT on the 6-
minute walk test (6MWT), VO2peak, dyspnea, resting heart rate
(RHR), and Quality of Life (QoL) in patients with HF.

Methods: A systematic literature search was conducted across four
databases: Science Direct, PubMed, Cochrane, and EBSCO. Two
reviewers independently performed literature searches and
screenings. The quality and risk of bias were assessed using the
Physiotherapy Evidence Database (PEDro) scale and the Cochrane
Risk-of-Bias tool for randomized trials (RoB2). Meta-analysis was
conducted using RevMan 5.4.1 and Open Meta-analyst.

Results: Seven clinical trials involving 211 patients with HF were
included. Meta-analysis revealed that IMT with intensity above 25%
Maximum Inspiratory Pressure (MIP) significantly improved the
6MWT (61.81 m; 95% CI: 10.99 - 112.63 m), VO2peak (3.82
ml/kg/min; 95% CI: 3.25 — 4.39 ml/kg/min), dyspnea (-0.44; 95% CI: -
0.76 to -0.12), and QoL (-12.23; 95% CI: -21.28 to -3.19), but not in
RHR (-4.59; 95% CI: -10.91 to 1.72).
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Conclusion: IMT with intensity above 25% MIP demonstrated
improvements in the 6BMWT, VO2peak, dyspnea, and QoL in patients
with HF.

Keywords: inspiratory muscle training, heart failure, clinical
trial, functional exercise capacity, quality of life.

Introduction

Heart failure (HF), afflicting over 26 million patients worldwide, poses
a significant societal and healthcare burden 93, Projections indicate a
127% increase in the estimated economic cost of HF treatment from
2015 to 2035, reaching $69.8 billion in the United States 64. Despite
advancements in medical interventions, patients with HF continue to
experience elevated 1-year mortality rates and frequent
hospitalizations 8°. Furthermore, a considerable percentage (16.7%-
28%) of patients with HF grapple with moderate to severe disabilities,
encompassing limitations in daily life activities (8.9%-30.3%), mobility
(2%-36%), and societal participation (53.3%) ©¢. Dyspnea and
ventilation inefficiency contribute to compromised sleep quality and
diminished exercise tolerance ¢’. Notably, patients with HF exhibit a
reduced quality of life (QoL), diminished functional capacity, and
inadequate self-care 869,

Rehabilitation has emerged as a pivotal therapeutic approach for
managing HF 7°. While traditional aerobic and resistance training
have long been established as effective and are widely endorsed in
numerous HF management guidelines 71’3, barriers such as time
constraints, physical limitations, perceptions, and supervision
requirements hinder patients' participation in  conventional
rehabilitation 7475, Consequently, identifying exercises that enhance
rehabilitation engagement poses a challenge. Recently, alternative
approaches like respiratory muscle training have gained attention
and are being explored as potential interventions.

Inspiratory muscle training (IMT) has garnered increasing attention
due to its simplicity, cost-effectiveness, and patient-administered
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nature. Furthermore, inspiratory muscle weakness has been linked to
dyspnea during physical tasks, ventilation inefficiency, and
diminished functional capacity in patients with heart failure (HF) 7678,
providing the rationale for strengthening these muscles in this patient
population. While there is current evidence supporting the benefits of
inspiratory muscle training, the existing evidence on the impact of
isolated IMT in patients with HF remains inconclusive, as most
studies have incorporated other interventions such as aerobic or
resistance training alongside IMT. This systematic review with meta-
analysis seeks to elucidate the effects of isolated IMT on key
parameters such as the 6-minute walk test (6MWT), peak oxygen
consumption (VO2peak), dyspnea, resting heart rate (RHR), and
Quality of Life (QoL) in patients with HF. Additionally, the study aims
to compare the effectiveness of various IMT approaches.

Method

Search strategy

This systematic review, adhering to the PRISMA checklist ”° was
conducted from inception to January 2025 across four electronic
databases: ScienceDirect, PubMed, Cochrane, and EBSCO. Two
reviewers (N-M. N. and G. R.) independently identified and reviewed
the studies. The search employed the equation: ("inspiratory muscle
training" (Title/Abstract) OR (IMT (Title/Abstract)) OR ("respiratory
muscle training" (Title/Abstract)) AND ("heart failure" (Title/Abstract)
OR "cardiac failure" (Title/Abstract) OR "CHF" (Title/Abstract) OR
"chronic heart failure" (Title/Abstract) OR "congestive heart failure"
(Title/Abstract)) AND (6MWT OR functional capacity OR VO2max
OR Dyspnea OR resting heart rate OR quality of life).

Eligibility Criteria

Studies were selected based on the following eligibility criteria: 1) the
primary focus was to investigate the effect of IMT in patients with HF,
2) randomized or controlled clinical trials with a controlled/Sham

group (CG), and 3) main outcomes included at least one of the
following measures: 6MWT, VO2peak, dyspnea, RHR, and QoL.
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Exclusion Criteria

Exclusion criteria encompassed: 1) studies incorporating combined
training methods other than IMT in the intervention group (IG), 2)
comorbidities such as COPD or diabetes mellitus, 3) studies not in
English.

Data Extraction

The data from selected studies were independently extracted by two
reviewers (N-M. N., G. R.), encompassing: 1) participant
characteristics and demographic data (sample size, age, gender,
VO2peak, maximal inspiratory pressure (MIP), New York Heart
Association classification of heart failure (NYHA) level, body mass
index (BMI), left ventricle ejection fraction (LVEF)), 2) details of the
intervention program (frequency, intensity, type, duration) for both the
intervention group (IG) and control group (CG), and 3) outcome
measures and key findings (6MWT, VO2peak, dyspnea, RHR, and
Qol).

Statistical Analysis

Meta-analysis was conducted using RevMan 5.4.1 8. Mean changes
and standard deviations from the studies were processed with Open
Meta-analyst 8'. Pooled-effect estimates were calculated using the
least square mean percentage change from baseline and presented
as the weighted mean difference (WMD) or standardized mean
difference (SMD) as appropriate. Mean and standard deviation were
estimated from the median and range using the method of Hozo et
al. 8. For continuous data, the meta-analysis employed the inverse
variance, random-effect model, and a 95% confidence interval (95%
Cl) 8. Heterogeneity in the meta-analysis was assessed using the I?
statistic 8, with classification into low ( I? = 25%), moderate ( 1?2 =
50%), and high (12 = 75%) levels &.

Methodological Quality

The methodological quality of the studies was evaluated using the
Physiotherapy Evidence Database (PEDro) scale, with the assigned
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scores verified by a single reviewer (N-M. N.) 26, The PEDro scale
comprises 11 items, with item 1 (eligibility criteria) left unscored,
resulting in @ maximum score of 10. A higher score on the PEDro
scale indicates better study quality. The risk of bias in the included
studies was assessed by two reviewers using version 2 of the
Cochrane Risk-of-Bias Tool for Randomized Trials (RoB 2) 6.

Results

Initially, 450 articles were identified through the electronic database
search (Web of Science = 10, PubMed = 111, Cochrane = 212, and
EBSCO = 117). After removing duplicates, 368 studies remained.
The abstracts and titles of these studies were screened for inclusion
criteria, resulting in 12 articles selected for full-text reading. Five
articles were subsequently excluded, and seven studies were
systematically reviewed. Figure 1 illustrates the flow of the selection
process.

Description of included studies

A total of 211 patients participated in the seven included studies, with
sample sizes ranging from 23 to 38 patients. The gender distribution
was approximately one-third female and two-thirds male. The median
age of the patients across studies was 57.3 years. Four studies
recruited patients classified with the New York Heart Association
(NYHA) classification of heart failure as NYHA 1l/Ill -0 while one
study included patients with NYHA III/IV °'. The NYHA classification
of patients was not reported in two studies %29, The mean BMI of alll
patients was categorized as overweight (Table 1) %. Six studies
encompassed patients with reduced LVEF 87-90.92.93  while one study
included patients with preserved LVEF °'. The mean baseline
maximal inspiratory pressure (MIP) of patients in each study
exceeded 50 cmH20, surpassing the threshold for inspiratory muscle
weakness based on the mean age of participants 9. Furthermore,
there were no statistically significant differences in baseline values
for the 6MWT, VO2peak, RHR, and QoL between groups (all P >
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0.05). Data in all studies were reported as mean and standard
deviation, except for Palau et al. (2014). (Table 1)

c
2 Records identified through Additional records identified
E database research (n = 460) through other sources (n=0)
=]
c
]
2
v v Records excluded (n =
d after dupli 348)
— Record after duplicates remove (n=368) Reason:
- clinical trials register
[ (n=89)
£ - Not RCTs (n= 64)
> v - Other disease (n = 141)
i) - Not IMT (n=23)
Records screened - Non-English (n = 2)
title/abstract (n=368) - Combine with other
— therapeutics (n = 25)
—_— l - Not include main
outcome (n = 10)
Full-text articles
g assessed for eligibility Full-text articles
2 = luded (n=3
£ (n=12) excluded (n=3)
o t Reason:
l - Combine with other
—_ Studies included in therapeutics (n = 3)
qualitative synthesis - Not include main
Y
(n=7) outcome (n =1)
- Conference poster
® v (n=1)
E
S Studies included in
£ quantitative synthesis
(meta-analysis)
(n=7)

Figure 1. Flow chart of the search strategy
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Table 1. Characteristics of included studies

Design Sample Mean Gender BMI NYHA LVEF MIP VOzpeak
size age (F/M) (SD) (mmny - (%) cmH20, (ml/kg/min) score

(SD)

Laoutaris 1G 20 57.6 2/18 28.0 12/8  23.4 82.8 (25.5) 15.4(4.0)

et al. (2.3) (1.1) (1.5)

(2004) CG 15 60.0 3/18 27.0 77 25.3 78.4 (26.7) 14.7 (3.8)
(2.6) (1.0) (2.2)

Dall Ago IG 16 54.0 5/11 27.0 - 39.0 60.2 (9.2) 17.2 (0.5)

et al. (33) (5.0) (3.0)

(2006) CG 16 58.0 6/10 27.0 - 38.0 58.1 (1.0) 17.0 (0.7)
(2.0) (4.0 (3.0)

Laoutaris 1G 15 53.0 3/12 29.2 10/5  28.0 79.8 (18.2) 17.3(3.5)

et al. (2.0) (2.1) (3.0)

(2007) CG 23 59.0 3/20 28.6 12/11  27.0 80.2 (24.0) 15.7(3.8)
(2.0) (0.8) (2.0)

Laoutaris 1G 14 53.4 3/11 29.3 9/5 28.9 79.1 (18.7) 17.1(2.6)

et al. (2.1) (1.3) (2.4)

(2008) CG 9 57.3 0/9 30.6 6/3 28.6 84.2 (26.1) 17.7 (3.9)
(4.0) (1.3) (1.9)

Bosnak- IG 16 69.5 4/12 26.8 11/5 334 62.0 (33.6) -

Guclu et (7.9) (4.3) (7.4)

al. (2011) CG 14 65.7 2/12 25.1 9/5 36.1 78.6 (36.0) -
(10.5) (3.2 (7.6)

Mello et IG 15 54.3 6/9 28.8 15/0  33.6 59.2 (19.0) 14.4(2.7)

al. (2012) (2.0) (1.6) (2.3)
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CG 12 53.3 715 274 12/0  37.6 63.2(18.4) 16.2(1.7)

(2.0) (0.9) (1.6)
Palauet IG 14 68.0 717 343 95 69.5 69.9(8.2) 10.3(1.5)
al. (2014) (4.6) (/IV)  (4.2) 5
* CG 12 74.0 6/6 30P 93 778  71.3(10.4) 9.4 (1.6)

(1.5) =0.03)  (lI/IV) (4.4)

*: the mean and SD of the study were estimated by the method of Hozo et al. (2005), IG: Intervention group, CG:
Control group; F/M: female/male; BMI: Body mass index; NYHA: New York heart association classification;
LVEF: left ventricle ejection fraction; MIP: maximal inspiratory pressure; PEDro: the physiotherapy evidence
database.
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Intervention Program Description

All included studies exclusively focused on IMT without incorporating
concurrent nonpharmacological treatments (Table 2). Training
frequency varied, with sessions lasting 30 or 40 minutes per day,
conducted 3 to 7 days per week. The duration of training programs
ranged from 6 to 12 weeks. Among the studies, four provided
detailed descriptions of IMT training procedures 87-°0, In three
studies, the IMT group was compared with a controlled/sham group
(no-load or usual care) using resistance intensities ranging from 25%
to 30% of MIP °1-93, Additionally, four studies compared two different
intensities of inspiratory muscle training. One study compared 40%
MIP-IMT vs. 15% MIP-IMT &, while three others compared 60% MIP-
IMT vs. 15% MIP-IMT 8890 To evaluate the optimal IMT intensity,
changes were assessed within moderate-to-high MIP-IMT (>25%
MIP-IMT) groups, low MIP-IMT (15% MIP-IMT) groups, and
sham/usual care (S-UC) groups.

Quality Assessment and Risk of Bias

The PEDro scores for the included studies ranged from 5 to 6 (Table
1). An overview of the overall risk of bias in the studies is presented
in Figure 2, where the risk of bias in five domains of each study was
deemed high in 42% of cases in the randomized process (n=3
studies) and high in 14% in terms of missing outcome data (n=1
study) (Figure 3).

The Effect of Inspiratory Muscle Training

A meta-analysis was conducted to compare the impact of >25% MIP-
IMT with the control group (15% MIP-IMT and S-UC). Key outcome
measurements are detailed in Table 2.
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Table 2. Characteristics of intervention and outcome findings

Design - Sample intervention prograrm SMWT, VOspeak, RHR. ans QoL
(Device) SIZ€ |ntensity Frequency Time  Type (SD)
Laoutaris 60% MIP 20 60% MIP 6 efforts/level, 10 Trained e 6MWT:
et al. (Electrical more than 6 weeks until 60%: 367.1 (99.7) to 433.4
(2004) device: levels/session, fatigue (75.6m) (P=0.001)
TRAINAIR) 3 days/w with 15%: 343.7 (96) to 352.1
reduced (85.6m) (P>0.05)
interval Difference between 2
resting groups: No information
time from e VOgzpeak:
60s to 5s 60%: 15.4 (4)to 17.8 (5.4)
15% MIP 15 15% MIP 6 efforts/level, 10 6 levels ml/kg/min (P=0.002)
(Electrical 6 weeks with 15%: 14.7 (3.8) to 14.7
device: levels/session, reduced (3.8) ml/kg/min (P>0.05)
TRAINAIR) 3 days/w interval Difference between 2
resting groups: No information
time from e Dyspnea: 6-20 Borg scales
60s to 5s after SMWT
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60%: 10.5 (3.1) to 9 (2.2)
(P =0.001)

15%: 12.7 (3.1) to 12.6
(3.1) (P> 0.05)
Difference between 2
groups: No information
RHR:

60%: 80.2 (13.4) to 76.8
(14.7) bpm (P=0.04)



Dall’Ago
etal.
(2006)

30% MIP 16 30% MIP 30mins/ 12 No
(Threshold Readjust 7days/w weeks information
IMT) the load

weekly
Sham IMT 16 Sham IMT  Idem Idem Idem
(Threshold No
IMT) inspiratory

load
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15%: 78.6 (20.5) to 76.1
(18.2) bpm (P>0.05)
Difference between 2
groups: No information
QoL (Minnesota living with
heart question):

60%: 25.2 (17.8) to 21.1
(15.6) (P=0.004)

15%: 22.9 (10) to 22.6
(9.7) (P>0.05)

Difference between 2
groups: No information
6MWT:

30%: 449 (17) to 550 (17)
m (P<0.002)

Sham: 432 (41) to 411 (60)
m (P>0.05)

Difference between 2
groups: P < 0.002
VOzpeak:

30%: 17 (0.6) to 21 (0.7)
mi/kg/min (P<0.001)
Sham: 17 (0.6) to 17 (0.8)
mi/kg/min (P>0.05)
Difference between 2
groups: P < 0.001
Dyspnea: 0-10 Borg scales
after 6BMWT

30%: 3.7 (2)to 1,5 (1.4)
Sham: 3.1 (1.3) to 3 (1.4)



Laoutaris
et al.
(2007)

60% MIP 15 60% MIP 6 efforts/level, 10 Trained
(Electrical Readjust more than 6 weeks until
device: the load levels/session, fatigue
TRAINAIR) after every 3 days/w with
session reduced
interval
resting
time from
60s to 5s
15% MIP 23 15% MIP 6 efforts/level, 10 6 levels
(Electrical Readjust 6 weeks with
device: the load levels/session, reduced
TRAINAIR) after every 3 days/w interval
session resting
time from
60s to 5s
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Difference between 2
groups: P <0.002

QoL (MLHFQ):

30%: 27 (4) to 6 (2)

Sham: 30 (13) to 30 (13)
Difference between 2
groups: P < 0.001

6MWT:

60%: 378.2 (40.3) to 404.3
(46) m (P<0.01)

15%: 358 (47.9) to 366
(79.1) m (P>0.05)
Difference between 2
groups: Nonsignificant
VOzpeak:

60%: 17.3 (3.5) to 19.4
(4.6) ml/kg/min (P<0.01)
15%: 15.7 (3.8) to 14.8
(3.8) ml/kg/min (P>0.05)
Difference between 2
groups: P<0.01

Dyspnea: 6-20 Borg scales
after 6BMWT

60%: 9.2 (1.5)t0 8 (1.5) (P
=0.001)

15%: 11.8 (2.87) to 11.5
(2.87) (P > 0.05)
Difference between 2
groups: P <0.001

Resting HR:



Laoutaris
et al.
(2008)

Bosnak-
Guclu et

60% MIP 14 60% MIP 6 efforts/level, 10 Trained
(Electrical Readjust more than 6 weeks until
device: the load levels/session, fatigue
TRAINAIR) after every 3 days/w with
session reduced
interval
resting
time from
60s to 5s
15% MIP 9 15% MIP 6 efforts/level, 10 6 levels
(Electrical Readjust 6 weeks with
device: the load levels/session, reduced
TRAINAIR) after every 3 days/w interval
session resting
time from
60s to 5s
40% MIP 16 40% MIP 30mins/ 6 Diaphragm
(Threshold Readjust 7days/w weeks breathing
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60%: 82 (19.4) to 81 (11.6)
bpm (P>0.05)

15%: 82 (19.2) to 81 (19.2)
bpm (P>0.05)

Difference between 2
groups: Nonsignificant
VOzpeak:

60%: 17.1 (2.6) to 19 (4.5)
mi/kg/min (P=0.01)

15%: 17.7 (3.9) t0 17.3
(4.5) mi/kg/min (P=0.9)
Difference between 2
groups: P =0.7

Dyspnea: 6-20 Borg scales
after ergospirometry

60%: 18.1 (0.37)to0 17.6
(0.74) (P = 0.02)

15%: 17.6 (0.6) to 17.9
(0.9) (P =0.08)

Difference between 2
groups: P =0.05

Resting HR:

60%: 83 (22.4) to 80 (11.2)
bpm (P=0.6)

15%: 86 (15) to 89 (15)
bpm (P=0.4)

Difference between 2
groups: P=0.3

6MWT:



al IMT) the load with 40%: 418.59 (123.32) to

(2011) weekly device: 25- 478.56 (131.58) m
30 efforts, (P<0.001)
with 5-10s 15%: 462.31 (113.59) to
resting 475.99 (135.79) m
time (P=0.091)
between Difference between 2
breath groups: P < 0.001
15% MIP 14 Fixed 15% Idem [dem Idem e Dyspnea: 0-10 Borg scales
(Threshold MIP after GMWT
IMT) without 40%: 2.42 (1.73) to 1.42
adjustment (1.31) (P = 0.025)
during 15%: 2.64 (1.21) to 1.77
protocol (1.13) (P = 0.059)

Difference between 2
groups: P =0.82

e QoL (SF-36):
+ Physical health:
40%: 46.01 (28.03) to
67.38 (24.16) (P<0.001)
15%: 51.96 (23.41) to
69.19 (22.06) (P<0.001)
Difference between 2
groups: P = 0.81
+ Mental health:
40%: 57.67 (23.61) to
70.06 (20.91) (P=0.004)
15%: 55.39 (24.39) to
71.78 (21.60) (P=0.001)
Difference between 2
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Mello et
al.
(2012)

Palau et
al.
(2014)*

30% MIP 15 30% MIP 30 12 No
(Threshold Adjustthe  mins/session weeks information
IMT) load 7 days/w
weekly
Sham 12 Sham IMT 30 12 No
(Threshold No load mins/session  weeks information
IMT) 7 days/w
25-30% 14 25-30% 20mins, 2 12 No
MIP MIP times/ day, weeks information
(Threshold Readjust 7days/w
IMT) the load
weekly
Usual care 12 Usual care N/A 12 N/A
without weeks
IMT
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groups: P = 0.68

VOzpeak:

30%: 14.4 (2.7) t0 18.9
(3.1) mil/kg/min (P < 0.05)
Sham: 16.2 (1.7) to 16.3
(2.1) ml/kg/min (P > 0.05)
Difference between 2
groups: P <0.05

QoL (MLHFQ):

30%: 26.6 (14.7) t0 9.2
(9.2) (P <0.05)

Sham: 30.8 (21.1) to 32.7
(19.4) (P <0.05)
Difference between 2
groups: P < 0.05

6MWT:

25-30%: 320 (78.3) to 387
(22.3) m (P<0.001)

Usual care: 273.8 (65.08)
to 260 (76.35) m (P =
0.167)

Difference between 2
groups: P < 0.001
VOzpeak:

25-30%: 10.25 (1.47) to
12.88 (1.28) ml/kg/min (P <
0.001)

Usual care: 9.4 (1.62) to
8.83 (1.07) ml/kg/min (P =



0.206)
Difference between 2
groups: P < 0.001

e Resting HR:
25-30%: 72.25 (5.51) to
64.75 (6.66) bpm
(P<0.001)
Usual care: 72.25 (10.6) to
71.25 (6.03) bpm
(P=0.146)
Difference between 2
groups: P =0.012

e QoL (LMHFQ):
25-30%: 41 (4.04) to 30
(2.89) (P = 0.002)
Usual care: 45.5 (11.35) to
41 (10.69) (P = 0274)
Difference between 2
groups: P = 0.037

*: the mean and SD of the study were estimated by the method of Hozo et al. (2005), F/M: female/male; NYHA: New York
Heart Association classification; LVEF: left ventricular ejection fraction; MIP: maximal inspiratory pressure; PEDro: the
physiotherapy evidence database; MLHFQ: Minnesota Living with Heart question; Resting HR: resting heart rate
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Figure 2. Overall risk of bias. The overall Bias has some concerns
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Figure 3. Risk of bias for individual study
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6 Minutes Walking Test

Five studies assessed 6BMWT 8890-93  The meta-analysis indicated a
pooled effect of 61.81 m (95% confidence interval (Cl): 10.99, 112.63
m) for the distance covered in the 6MWT in the >25% MIP-IMT vs
control group. The studies exhibited moderate to high heterogeneity
(I* = 67%) (Figure 4). No significant change in 6MWT was observed
within the 15% MIP-IMT and S-UC groups (Table 2).

VOzpeak

Six studies provided data on peak oxygen consumption (VO2peak)
88-93 The meta-analysis favored the >25% MIP-IMT group, revealing
a pooled effect of 3.82 ml/kg/min (95% CI: 3.25, 4.39 ml/kg/min).
Heterogeneity was low, with 1> = 0% (see Figure 5). No significant
improvement in VO2peak was observed within the 15% MIP-IMT and
S-UC groups (Table 2).

Dyspnea

Dyspnea levels were assessed in five studies using either a 6-20
scale or a modified Borg scale after the 6MWT or ergospirometry
878990939  Due to differences in measurement scales, the
standardized mean difference was employed to demonstrate the
pooled effect. Figure 6 illustrates a significant reduction in the Borg
score (-0.44; 95% CI: -0.76, -0.12), with an I? of 0, indicating a low
heterogeneity level.
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=25 % MIP-IMT Control

Mean Difference

Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Rand 95% Cl Year IV, Rand 95% CI

Laoutaris et al. 2004 663 125132 20 84 128654 15 168% 57.90[27.23,143.03] 2004 N e —

Dall' Ago et al. 2006 101 24042 16 - 267 16 28.0% 122.00[84.49,159.51) 2006 ——
Laoutaris etal. 2007 261 61.209 15 g 92.53 230 252% 18103078 66.98) 2007 1

Bosnak-Guclu etal. 2011 59.97 180336 16 1368 177.036 14 103% 46.29[-81.80,174.358 201 e B —
Palauetal. 2014 G7  B81.414 14 -222 100323 12 19.8% 89.20[18.20,160.200 2014 e —
Total (95% CI) 81 80 100.0% 70.84 [21.51, 120.16] R
Heterogeneity: Tau®= 189312, Chif=11.57, df= 4 (P=0.02), F= 65% -EIDD -1hD b 1ﬁD EﬁD

Test for overall effect: Z= 2.81 (P = 0.005)

Favours [Control] Favours [=25 % MIP-IMT

Figure 4. The pooled effect on the distance of 6GMWT

= 25% MIP-IMT Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Rand 95% Cl_Year IV, Rand 95% CI
Laoutaris etal. 2004 2.4 B.708 20 0 5477 15 20% 2.40[-1.64,6.44] 2004
Dall' Ago et al. 2006 4 0.922 16 1] 1 16 T4.4% 4.00[3.33, 4.67] 2006 -
Laoutaris et al. 2007 21 5809 15 -1 5426 23 2.4% 310[-0.58 6.78] 2007
Laoutaris et al. 2008 1.9 51498 14 -02 54955 ] 1.68% 210[-2.65 6.85] 2008
Mello etal. 2012 48 4117 14 0.1 2706 12 48% 4.40[1.81,6.99) 2012
Palauetal 2014 2.63 1.9449 14 -0.87 184 12 147% 3.20[1.70,4.700 2014 e
Total (95% CI) 94 87 100.0% 3.82[3.25, 4.39] <4
Heterogeneity: Tau®= 0.00; Chif= 226, df=5 (P = 0.81), F= 0% 54 52

Test for overall effect: 2= 13.02 {F = 0.00001}

Favours [Control] Favou

Figure 5. The pooled effect on the change of VOzpeak

, \
2 1
IS [> 25% MIP-INT]

>25% MIP-IMT Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, R 95% CI IV, R: 95% CI
Bosnak-Guclu etal. 2011 -1.5 3.847 20 -01 4382 15 22.8% -0.34 [1.01, 0.34] —
Dall' Ago etal. 2006 -2.2 2441 16 -01 1.3 16 19.2% -0.83 [1.67,-0.20) 4—————=——
Laoutaris etal. 2004 -1.2 2191 18 -0.3 4.0649 23 243% -0.25 [-0.91, 0.40] .
Laoutaris etal. 2007 -0.5 0.837 14 0.3 1.082 9 13.48% -0.82 [1.70,0.08] #
Laoutaris etal. 2008 -1 247 16 -0.87 1.656 14 20.2% -0.06 [-0.78, 0.65) —
Total (95% CI) a1 77 100.0% -0.44 [-0.76, -0.12] .
Heterogeneity: Tau®= 0.00; Chi®= 3.92, df=4 (F=0.42), F=0% I1 -DI.S b 0?5 1!

Test for averall effect: 2= 2.68 (P =0.007)

Favours [=25% MIP-IMT] Favours [control]

Figure 6. The pooled effect on the change of the Borg score
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Resting Heart Rate

Resting heart rate was assessed in four studies #-°'. The meta-
analysis revealed no significant difference between groups, with a
pooled effect of -4.59 (95% CI: -10.91, 1.72). The |? statistic indicated
a low heterogeneity level (Figure 7).

Quality of life

Although five studies measured Quality of Life (QoL), the meta-
analysis incorporated only four studies that utilized the Minnesota
Living with Heart Failure Questionnaire (MLHFQ) 89193 One study
that measured QoL with the SF-36 was excluded from the meta-
analysis 8. The total pooled effect on QoL was -12.23 (95% CI: -
21.28, -3.19). The heterogeneity level was high, with 1?2 = 58%
(Figure 8).
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=25% MIP-IMT

Control

Mean Difference

Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl ‘Year IV, Random, 95% CI
Laoutaris et al. 2004 -3.4 19945 20 -2.8 17435 15 14.8% -090[17.31,15.51] 2004 —
Laoutaris et al. 2007 -1 22583 15 -1 27129 23 197% 00015921592 2007 —

Laoutaris et al. 2008 -3 5.1 14 3 21.213 9 109% -6.00[-25.10,13.10] 2008

Palau etal 2014 -7.5 Bh44 14 -1 121495 12 58.5% -6A0[F14.751.75] 2014 ——

Total (95% CI) 63 59 100.0% -4.59[-10.91,1.72] .
Heterogeneity: Tau®= 0.00; Chi*= 0.74, df= 3 (P = 0.86); F= 0% a0 1o b 10 40

Testfor overall effect Z=1.43(F=0.15)

Favours [=25% MIF-IMT] Favours [Control]

Figure 7. The pooled effect on the change in the resting heart rate

>25% MIP-IMT Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight I, Random, 95% Cl  Year IV, Random, 95% CI
Laoutaris etal. 2004 -41 2377 20 -03 13497 15 238% -3.80 [-16.39,8.79] 2004 =
Dall' Ago et al. 2006 -21 4472 16 0 18.385 16 30.2% -21.00[30.27,-11.73] 2006 —
Mello et al. 2012 -17.4 17407 14 1.9 28.685 12 156% -18.30[37.77,-0.83] 202
Palauetal 2014 -1 4.967 14 -45 154582 12 304% -6.50 [-15.70,2.70] 2014 —
Total (95% CI) 65 55 100.0% -12.23[-21.28,-3.19] ~esiffi.-
Heterageneity: Tau®= 4810, Chi*=7.21, df= 3 (P =007, F= 53% 0 5 P o= a0

Testfor overall effect: 2= 2.65 (P = 0.008)

Favours [=25% MIP-IMT] Favours [control]

Figure 8. The pooled effect on the change in the Quality of Life

57



Discussion

This meta-analysis underscores the positive impact of IMT on key
outcomes such as 6MWT, VO2peak, dyspnea, and QoL in patients
with HF. However, certain considerations and cautions in interpreting
the results should be acknowledged.

Firstly, the aggregated effect favors >25% MIP in 6MWT, potentially
attributable to improved inspiratory muscle function linked to
enhanced functional exercise capacity in patients with HF 78,
Additionally, IMT has demonstrated positive effects on peripheral
chemoreflex, exercise ventilation oscillation, and blood flow to
peripheral limbs, collectively enhancing physical capacity in patients
with HF 97:%8_ The improvement in 6MWT with >25% MIP-IMT training
surpasses the minimal clinically important difference of 30-50m,
indicating a meaningful clinical impact on the clinical symptoms,
morbidity, and mortality in patients with HF °%-193, However, caution is
advised due to the high heterogeneity level among studies.
Moreover, we encountered unexpected data in a particular study,
indicating a reported standard deviation (SD) of 17 meters in the IMT
group . In our assessment, when compared to findings in other
studies, this reported SD appears unusually low. Upon excluding this
study, the I? statistic decreased to 0%, and the 95% pooled effect
reduced to 44 meters, which is not exceeding the range of MCID of
6MWT mentioned above. The presence of anomalies in reported
data in this specific study underscores the importance of conducting
additional high-quality studies to validate the effects of IMT on
6MWT.

The improvement in VO2peak by 3.82 ml/min/kg with >25% MIP-IMT
is clinically significant, as higher VO2peak is associated with reduced
mortality risk in patients with HF 194195 Furthermore, an increase of
roughly 1 MET (1 MET = 3.5 ml/kg/min) can enhance the survival
rate of patients with HF by 20% 1'% to 28% '°7. The increase in
diaphragm thickness and lung volume after IMT training may
contribute to this enhancement 198199 High-intensity IMT could be a
valuable intervention, especially for patients with HF unable to
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engage in traditional resistance and aerobic training due to
musculoskeletal issues %112, However, all studies were not longer
than 3 months, unable to observe the long-term benefit of IMT.
Sensitivity analysis did not reveal a significant change in the pooled
effect.

Given dyspnea's prominence in patients with HF, better dyspnea
management can help to improve QoL '3. The study provides
evidence supporting the alleviation of dyspnea with >25% MIP-IMT.
Improved respiratory muscle perfusion and deoxygenation are
potential contributors to lower dyspnea levels 114115 While respiratory
muscle weakness is considered a factor in dyspnea 6117 this
cannot be solely attributed to respiratory muscle training due to the
multifaceted nature of dyspnea '811° |MT is suggested as a
supplemental intervention, emphasizing the need for a multifactorial
approach for comprehensive dyspnea management '8,

The results of this study recommend a load of 25-30% MIP-IMT as
an initial load for patients with HF, deviating from the potentially
insufficient effects observed with a 15% MIP load, which is similar to
the proposed intensity of IMT for COPD patients '%°. As resistance
training, current evidence suggests that with an intensity of less than
20% of the maximal voluntary contraction, fiber recruitment is not
effective in inducing muscle hypertrophy 21122,

No significant difference in Resting Heart Rate (RHR) was observed
between the groups. Notably, none of the studies defined how and
under what conditions RHR was measured, underscoring the
necessity for a standardized approach to RHR measurement for a
more comprehensive understanding of IMT effects on this parameter.
For instance, if RHR is measured before engaging in exercise, the
true baseline RHR may not be accurately captured due to the
anticipated rise in heart rate in response to physical activity 123.
Therefore, the lack of a standardized measurement for RHR, which is
notably absent in the existing literature 24125 warrants attention.
Additionally, the lack of information regarding Beta-blocker
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medication means its potential confounding effect on RHR variability
across studies cannot be definitively excluded.

The pooled effect on QoL, as measured by the Minnesota Living with
Heart Failure Questionnaire (MLHFQ), favored >25% MIP-IMT, with
a reduction score of 12.23, indicative of potential mortality
reduction’?6-128, One study measured QoL with SF-36 and reported
no significant difference between groups, but significant improvement
after the intervention time within the groups 8. The evidence
supporting QoL improvement was more robust in studies with an
intervention duration of 12 weeks or longer, reinforcing the
importance of prolonged IMT for QoL benefits. This result is similar to
a systematic review of Azambuja, de Oliveira and Sbruzzi '%°.

This meta-analysis focused on isolated IMT, thereby mitigating
biases associated with other exercise interventions. However, the
small number of trials and subjects and the low quality of included
studies pose limitations. The I? statistic may be overestimated with
the current number of studies '3, and the overall study quality is a
concern. Additionally, the difference in training protocol may be a
potential factor contributing to the high heterogeneity. To establish a
more reliable conclusion regarding IMT's effect on patients with HF,
additional high-quality randomized controlled trials are imperative.
Investigating key parameters such as optimal durations, frequency,
long-term effects, and potential variations in response based on HF
severity is crucial. Additionally, exploring the synergistic effects of
combining IMT with other rehabilitation modalities is essential for
optimizing and diversifying heart failure rehabilitation strategies.

In conclusion, this study supports the benefits of IMT with intensity
above 25% MIP in enhancing 6MWT, VO2peak, and alleviating
dyspnea in patients with HF. Furthermore, prolonged IMT has
exhibited a positive impact on quality of life. IMT stands as a valuable
adjunct to cardiac rehabilitation programs for patients with HF,
though further high-quality studies are required to fine-tune the
optimal IMT program.
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2. A reliability aspect of maximal inspiratory pressure
measurement

To evaluate the trajectory of inspiratory muscle training or monitor
changes in inspiratory muscle strength, it is important to have good
reliability of MIP measurement. Although it is well established that
MIP measurement has moderate reliability in general, there is a gap
in evidence regarding the reliability of MIP in persons with Chronic
Obstructive Pulmonary Disease (COPD). Current evidence on MIP
reliability in persons with COPD shows inconsistencies across
different equipment and protocols. In addition, due to the new
updated guidance from the European Respiratory Society on
respiratory muscle pressure measurement, published in 2019, some
studies conducted before may not adhere to the latest guidance,
thereby reducing confidence in their results. To address this gap and
ensure the reliable use of MIP measurement in clinical practice, a
study was conducted to investigate the between-session reliability of
maximal inspiratory pressure measurement in persons with COPD.
This is particularly important due to the high prevalence rate of
COPD in Vietham (6.7%).
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The Reliability of Maximal Inspiratory Pressure Measurement
and Its Correlation with Submaximal Exercise Test in Persons
With Chronic Obstructive Pulmonary Disease

Ngoc-Minh Nguyen; Bich-Ly Thi Ngo; Hien Thi Le; William Poncin;
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Abstract

Background: Maximal inspiratory pressure (MIP) is a simple
measure that reflects inspiratory muscle strength, which is often
impaired in individuals with Chronic obstructive pulmonary disease
(COPD). This study aimed to assess the test-retest reliability,
minimal detectable change (MDC) of MIP in persons with COPD, as
well as to revisit its relationship with the 1-minute sit-to-stand test
(1STST).

Methods: Individuals with stable COPD were recruited. The study
protocol included two visits. During the first visit, participants
performed the MIP measurement and the 1STST with a 30-minute
interval. The second visit was repeated within 10 days to assess
between-day test-retest reliability.

Results: Fifty-five participants were recruited, with 44 completing the
full protocol. The MIP measurement demonstrated excellent test-
retest reliability (ICC = 0.94, 95% IC: 0.89-0.97, p = 0.001). Bland-
Altman plots revealed a mean bias in the MIP measurement of 3.3
cmH20, with limits of agreement ranging from -17.7 to 24.3 cmH:20.
The MDC for MIP was estimated to be 7.3 cmH20. A weak positive
correlation (r=0.29, p=0.03) was observed between MIP and 1STST
performance.

Discussion: This study demonstrated excellent between-day test-
retest reliability of MIP measurement in persons with mild to
moderate COPD. Additionally, a weak positive correlation was found
between 1STST and MIP in this population.
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Keywords: maximal inspiratory pressure, test-retest reliability, COPD,
minimally important difference, 1-minute sit-to-stand test.

Introduction

Chronic Obstructive Pulmonary Disease (COPD) is a major cause of
mortality worldwide, with rates continuing to rise according to the
World Health Organization!. COPD has systemic effects that
extend beyond the lungs, leading to multiple impairments that
severely impact patients' quality of life, exercise capacity, and
functional capacity’3?. Among these impairments, inspiratory muscle
weakness is especially prevalent in persons with COPD, contributing
to both breathlessness and diminished exercise capacity'33.
Particularly, the decrease in inspiratory muscle strength becomes
substantial in advanced stages, potentially leading to a further
reduction in exercise capacity, an important factor associated with
mortality and hospitalization 34,

Evaluating inspiratory muscle strength through maximal inspiratory
pressure (MIP) has become essential in COPD management, as it is
associated with disease prognosis and mortality rates'®. For
instance, MIP correlates with the 6-minute walking distance or 1-
minute sit-to-stand test (1STST)'33, which can predict mortality risk
and disease progression'3¢137 Thus, identifying a true change in MIP
can help determine the appropriateness of therapeutic interventions,
such as inspiratory muscle training, which has been shown to
improve functional capacity in many populations 13813 Therefore,
establishing the minimally detectable change (MDC) for MIP in
COPD patients is essential for informing clinical decision-making and
guiding rehabilitation strategies, particularly concerning functional
capacity. Although MIP measurement validity in COPD is well
established, its reliability has not yet been thoroughly investigated, as
highlighted by a recent systematic review '4°. For instance, three
studies included in this systematic review on persons with COPD
reported test-retest reliability using correlation coefficients (rho), a
method no longer recommended, rather than Intraclass Correlation
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Coefficients (ICC) 2. Additionally, prior studies assessing MIP
reliability in persons with COPD show inconsistencies across
equipment and protocols: some employed devices that did not
adequately address buccal pressure effects due to limited
technological advancement '41142 while others deviated from
American Thoracic Society/European Respiratory Society guidelines,
likely impacting MIP measurement reliability 43144, Consequently,
there remains a need to enhance the understanding of MIP
measurement reliability in persons with COPD.

Therefore, this study aimed to examine the test-retest reliability of
MIP in persons with COPD. Other objectives were to determine the
minimally detectable change (MDC), along with the relationship
between MIP and exercise capacity. This study also revisited the
correlation between 1STST and MIP.

Method's
Ethics statement

This cross-sectional study was approved by the Ethics Committee of
University of Medicine and Pharmacy at Ho Chi Minh City with the
approval No. 3813/HDDD-DHYD. All participants were informed
about the protocol and provided written consent. The data of this
study was securely stored and accessible only with proper
authorization. All stages of the study were conducted following the
Declaration of Helsinki and Clinical Good Practice guidelines™>.

Participants

Persons with COPD receiving outpatient care at the Gia Dinh
People's Hospital respiratory clinic (Ho Chi Minh City, Vietnam) were
recruited into this study from November 2023 to June 2024. The
study included outpatients diagnosed with COPD based on the
Global Initiative for Chronic Obstructive Lung Disease (GOLD)'"®,
who were clinically stable for at least 4 weeks and could provide
informed consent. Individuals were excluded if they had recent (< 4
weeks) infectious  exacerbations, cognitive  impairments,
musculoskeletal disorders, or contraindications to performing a
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functional exercise test. Additionally, those with mobility limitations or
oral defects that prevented them from closing their mouth were also
excluded.

Protocol and measurements

The study procedure was conducted over two visits. During the first
visit, demographic data and comorbidities were collected. Spirometry
results from tests conducted within 6 months were retrieved from
medical records. Modified Medical Research Council dyspnea
(mMMRC) score, COPD assessment test (CAT) score, history of
exacerbations, and hospitalizations over the past year were obtained
from the medical records. The spirometry was conducted at the
hospital following ERS/ATS guidelines by trained health staff 47
During this visit, participants performed the MIP measurement and
the 1STST, with a 30-minute interval between tests. The second visit
was repeated within 10 days to assess the between-day test-retest
reliability of the MIP. The 1STST measurement was also repeated
during this second visit to determine whether any change in exercise
capacity occurred and ensure consistent conditions between the two
testing sessions, following the guidance of COSMINZ?. Participants
were excluded from the test-retest reliability assessment of MIP if
there was a change of at least 3 repetitions in the 1STST between
the two visits, as this represents the Minimal important difference
(MID) for exercise capacity change'#®. Additionally, participants were
excluded from the test-retest reliability assessment if they
experienced any changes in their medications, forced expiratory
volume in 1 second (FEV1), severity stage classification, or had an
acute exacerbation during the study period 46,

The maximal inspiratory pressure

The measurement of MIP followed the ATS/ERS guidelines #° using
the RP Check device (MD Diagnostic Ltd, UK) with a filter and plastic
flanged mouthpiece. The pressure meter had a 2 mm internal
diameter air leak and was 20-30 mm in length, which allowed the
opening of the glottis to be maintained and prevented extra pressure

66



from the buccal muscles '#°. The measurements were performed at
the residual volume. All assessments were conducted with
participants sitting upright, with both feet on the floor. The
mouthpiece was properly fitted, and participants were guided through
initial breaths before being instructed to perform a maximal
inspiratory effort starting from the residual volume 9. A nose clip
was applied, and participants were verbally encouraged to exhale
fully before inhaling maximally and holding for at least 1.5 seconds
149 Each measurement was repeated at least 5 times, with a 1-
minute rest between trials, until the best three values varied within
10% '4°. The highest value was recorded. All participants were
coached to prevent air leaks during the test. The test was performed
after the administration of routine medication. The Borg scale was
used to ensure participants performed the maneuver without fatigue
or dyspnea, aiming to achieve the best possible results. The
assessor was trained before data collection. A single assessor
conducted all measurements for the participants. To ensure
consistency between tests, a checklist following the guidelines was
used.

The 1-minute sit-to-stand test

A standard chair measuring 46 cm in height with no armrests was
used for the 1STST following the standard guidance '%°. Participants
first familiarized themselves with the movement by crossing their
arms over their chests and performing one full cycle of standing up
and sitting down. The participants were then instructed to stand up
completely and sit down as many times as possible within one
minute, without using their arms for support. The total number of
completed cycles was recorded. Vital signs, including blood
pressure, heart rate, oxygen saturation, and Borg's scale, were

measured both before and after the test to monitor participant status
150
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Data analysis

The data analysis was conducted using SPSS version 29.0.
Descriptive statistics were used to summarize the participant
characteristics, and the Shapiro-Wilk test was conducted to assess
normality’™!. The sample size was determined based on an
anticipated ICC of 0.9, with an acceptable ICC of 0.75, 80% power,
an alpha of 0.05, and a 20% dropout rate, resulting in a required
sample of 42 participants 2.

The test-retest reliability of the MIP was evaluated using a two-way
mixed, absolute agreement, average-measurement ICC model. ICC
values over 0.5 were considered satisfactory, above 0.8 indicated
good reliability, and over 0.9 was considered excellent '°2. The level
of agreement between MIP measurements at the two visits was
analyzed using a Bland-Altman plot, and linear regression was used
to check for proportional bias 2. The MDC was calculated using the
formula MDC = 1.96 x SEM x V2, where SEM = SD x V(1-ICC) 2153

The relationship between the MIP and the 1STST was assessed by
Pearson’s or Spearman’s correlation coefficients, with rho
coefficients < 0.5, between 0.5 and 0.69, and > 0.7 classified as low,
moderate, or high, respectively 54,

Results
Demographic

The study involved 55 persons with COPD who met the inclusion
criteria. All 55 participants completed the 1STST and MIP tests in the
first assessment. By the second visit, 44 participants continued and
completed the full protocol. Eleven of the original 55 participants
were unable to complete the full protocol due to reasons such as
failing to meet the test-retest criteria (n=7), missing scheduled visits
(n=2), and declining further participation (n=2). Most participants
were male, and the majority had a normal body mass index. The
disease severity was distributed equally across the GOLD ABE
categories, with 60% of the participants having moderate airflow
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obstruction. Almost all the participants had at least one additional

medical

condition,

primarily hypertension,

osteoporosis (Table 1).

Table 1. Characteristic of participants (N = 55)

lipid disorders,

and

Demoaraphics Value Minimum -
grap Maximum

Age, year (mean £ SD) 67.0+6.3 50-81

Male sex, n (%) 53 (96)

BMI, kg/m2 (mean * SD) 209126 16.2-27.2

BMI classification, n (%)

Underweight 12 (21.8)

Normal weight 32 (58.2)

Overweight 8 (14.5)

Obesity 3 (5.5)

FEV1, L (mean = SD) 1.43 (0.43) 0.64-2.45

FEV1, % predicted (mean * 60 (17.9) 21-100

SD)

FVC, L (mean £ SD) 2.61 (0.54) 1.61-4.12

FEV1/FVC, ratio (mean + SD)  0.57 (0.14) 0.28-0.69

GOLD classification, n (%)

GOLD 1 (mild) 9(16.4)

GOLD 2 (moderate) 33 (60.0)

GOLD 3 (severe) 11(20.0)

GOLD 4 (very severe) 2 (3.6)

ABE classification, n (%)

Group A 19 (34.5)

Group B 18 (32.7)
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Group E 18 (32.7)

Comorbidities n(%) 52 (95)
Hypertension 24 (76.4)
Lipid disorder 22 (40)
Osteoporosis 18 (32.7)
Benign Prostatic Hyperplasia 17 (30.9)
Diabetes 7(12.7)
Cardiac disease 16 (29.1)

n: number of subjects; BMI: body mass index; GOLD: Global Initiative for
Chronic Obstructive Lung Disease. The variables are presented as mean *
standard deviation, or numbers (%).
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Test-retest reliability

The mean MIP was 81.2 + 25.3 cmH,O on the first visit and 84.4 +
22.8 cmH,0 on the second visit. The ICC was 0.94 (95% CI, 0.89—
0.97, p = 0.001). The Bland-Altman plot of between-day MIP
measurements demonstrated a mean bias of 3.3 cmH,O and limits of
agreement from -17.7 to 24.3 cmH,O (Figure 2). The linear
regression model showed no evidence of proportional bias (p = 0.1).
Based on the distribution-based method, the MDC was 7.3
cmH20.The correlation coefficient between the MIP and the 1STST
was rho = 0.29, p = 0.03 (Figure 2).
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Figure 1. The Bland-Altman plot for the two maximal inspiratory pressure
measurements
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Figure 2. The correlation between maximal inspiratory pressure and the 1-
minute sit-to-stand test

Discussion

This study demonstrated excellent test-retest reliability for MIP
measurement in persons with COPD, indicating that the
measurement of MIP is highly reliable and reproducible in this
population. The Bland-Altman plot revealed good agreement
between the two MIP assessments, with a systematic error of only
3.3 cmH20. Additionally, this error is less than 10% of the overall
mean MIP value reported in the study, satisfying the reproducibility
criteria of the MIP measurement by international guidelines 4°.
Besides, without proportional bias, the reliability of MIP measurement
was not affected by the magnitude of the values in persons with
COPD 55, However, the range between the lower and upper limits of
agreement, indicating the random error, was relatively wide, even
with the strict implementation of the measurement protocol following
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updated international guidelines to minimize random error and
optimize reliability '4°. This finding can be attributed to the variability
in individual effort, motivation, and encouragement during the
maneuvers, which are similarly observed in other muscle
assessments %157 Given the volitional nature of the MIP test, even
with a rigorous protocol, multiple attempts may be needed to help
individuals understand the movement better, refine their technique,
and reduce the learning curve, leading to more consistent and
reliable measurements 158,

The minimal detectable change for the MIP was estimated at 7.3
cmH20, which is very close to the range of MID from 7.9 to 13.5
cmH20 suggested in the study of Beaumont et al. '®°. This finding
supports the use of the MID from the mentioned study, as it meets
the criterion of being higher than the MDC from this study 2.
However, this study also revealed a substantially wider range of LoA
than the MDC of this study and even than the MID from the
mentioned study. Thus, the reported LoA challenges the capacity of
the MDC of 7.9 cmH20 to identify true physiological changes. While
the MDC is a distribution-based analysis, derived from group-level
statistics to demonstrate a threshold for meaningful change, the limits
of agreement represent individual-level variability, indicating the
random error inherent in the measurement 2. Clinically, this
distinction highlights that the MDC should be carefully interpreted
alongside other clinical and physiological parameters, such as
dyspnea or accessory respiratory muscle overactivity, to differentiate
true clinical improvement from mere measurement variability.
Additionally, this finding suggests that a high ICC alone may not
sufficiently capture a measurement's consistency and variability;
therefore, LOA may also be essential for a more comprehensive test
interpretation. This is particularly relevant for the test requiring the
best individual effort and encouragement, such as the MIP, as
discussed above.
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This study found a weak positive correlation between MIP and the
1STST, which was lower than the existing evidence (rho = 0.29
versus rho = 0.51), despite having comparable participants '6°. The
reason for this disparity is unclear. Compared to the observed
correlations between MIP and exercise capacity measured by the 6-
minute walk test (6MWT) (rho = 0.53-0.55), our study also reported a
lower correlation 161162 Although both the 6MWT and 1STST
demonstrate a good correlation with exercise capacity, they may
assess different aspects of exercise capacity in persons with
COPD'3, While the 1STST focuses primarily on lower limb
performance, the 6MWT requires a more integrated contribution of
physiological functions, including respiratory muscle function.
Therefore, maximal inspiratory pressure may more influence on the
6MWT results than the 1STST. Given the observed low correlation,
our study suggests that MIP may only partially contribute to overall
exercise capacity in persons with COPD. However, regularly
assessing MIP in conjunction with other objective and subjective
measures of respiratory function, muscle status, and exercise
capacity could offer a more comprehensive understanding of a
patient's functional status and response to interventions.

Strengths and limitations

The strengths of this study include the robust methodology for
assessing the test-retest reliability, which used controlled criteria to
avoid changes in health conditions. This approach was highlighted by
COSMIN as a way to improve confidence in the reliability analysis'64.
Furthermore, the study employed well-defined respiratory muscle
testing procedures, following the European Respiratory Society
guidelines™®. The MIP was measured using a handheld digital
manometer that met the guidance requirements, ensuring the quality
of the data collection.

This study's primary limitation was using a distribution-based
approach, which is generally considered less robust than an anchor-
based approach, to estimate the MDC for MIP. Inadequate recording
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of medication timing before the test prevented the determination of its
effect on MIP measurement reliability. Additionally, due to the small
sample size, we were unable to investigate the reliability of MIP
across each severity stage of the disease, where the MIP values and
their associated reliability metrics might vary. This limitation
underscores the necessity for larger-scale studies encompassing
diverse cohorts to comprehensively evaluate the nuances of MIP
reliability across the spectrum of COPD severity.

Conclusion

This study demonstrated excellent test-retest reliability of MIP
measurement in persons with COPD, with the MDC of 7.3 cmH20.
However, the MDC should be used with caution in clinical practice.
There was a weak positive correlation between 1STST and MIP in
this population.
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3. To implement inspiratory muscle training in Vietnam: How to
identify individuals with inspiratory muscle weakness?

To utilize IMT, the physiotherapist must identify patients who will
benefit from the intervention. Those exhibiting respiratory muscle
weakness are the most likely to benefit from this intervention. The
most common clinical measurements to evaluate respiratory muscle
strength are respiratory maximal pressures, including maximal
inspiratory pressure (MIP), maximal expiratory pressure (MEP), and
sniff nasal inspiratory pressure (SNIP). However, these parameters
are influenced by several factors, including age, sex, height, and, in
particular, ethnicity. As there are no reference values for Southeast
Asians in general, and Vietnamese in particular, a study was
conducted to establish the predictive values of MIP, MEP, and SNIP
in the Vietnamese population. With the established reference values,
clinicians can compare and classify respiratory muscle strength more
appropriately, enabling more targeted interventions and improved
outcomes.

77



78



The Predictive Value of Maximal Inspiratory Pressure, Maximal
Expiratory Pressure, and Sniff Nasal Inspiratory Pressure for
Southeast Asian Adults

Ngoc-Minh Nguyen; Hanh Thi-Bich Tran; Thi-Quynh-Nhu Do; Nicolas
Audag; Giuseppe Liistro, Philippe Fait; Gregory Reychler

Status: accepted — Respiratory Medicine and Research
Abstract

Background: Accurate assessment of respiratory muscle strength is
crucial for diagnosing and managing respiratory diseases. However,
existing reference values may not be generalizable across diverse
populations. This study aimed to establish predicted values for
maximal inspiratory pressure (MIP), maximal expiratory pressure
(MEP), and sniff nasal inspiratory pressure (SNIP) in Southeast
Asian adults.

Methods: MIP, MEP, and SNIP were measured in 301 healthy
Vietnamese adults. Two-way ANOVA and post-hoc tests were used
to examine differences in these measures among age groups and
between genders. Stepwise multiple linear regression was used to
develop predictive equations for MIP, MEP, and SNIP, with potential
predictors including age, gender, body mass index, and lung
function. The lower limit of the normal range was determined using
the fifth percentile of the negative residuals.

Results: MIP, MEP, and SNIP were higher in males than in females.
MIP and MEP declined with age, while SNIP remained relatively
stable. Predictive equations were established: MIP = 95.2 — 32.1 x
gender (male = 0, female = 1) — 0.41 x age + 1.2 x BMI (adjusted R?
41%, LLN = predicted MIP — 34), MEP = 135.1 — 46.75 x gender
(male = 0, female = 1) - 0.6 x age + 1.34 x BMI (adjusted R?: 41.8%,
LLN = predicted MEP — 50), SNIP = 63.8 — 18.16 x gender (male = 0,
female = 1) (adjusted R% 14.8%, LLN = predicted SNIP — 30).
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Conclusions: This study provides ethnic-specific predictive
equations for MIP, MEP, and SNIP, which may serve as a
preliminary step toward developing reference values for the
Southeast Asian region.

Keywords: predicted values, maximal inspiratory pressure, maximal
expiratory pressure, sniff nasal inspiratory pressure, Southeast Asian
adults

Introduction

Respiratory muscles play a crucial role in ventilation and gas
exchange 85, Impaired respiratory muscle function is related to the
survival rate of patients with heart failure 9. Respiratory muscle
weakness is associated with adverse outcomes in various health
conditions, including chronic obstructive pulmonary disease,
neuromuscular diseases, heart failure syndrome, and critical care
scenarios 97170 Thus, respiratory muscle strength assessment is
important for better intervention strategies . It is typically measured
by the mouth pressure generated during maximal inspiratory (MIP) or
expiratory (MEP) efforts, as defined in clinical guidelines '49. Also,
sniff nasal inspiratory pressure (SNIP) is a non-invasive and
convenient alternative to MIP with a low risk of adverse effects '"".
Due to their usefulness in clinical practice, these measurements are
widely recommended '4°.

Maximal inspiratory pressure is a valuable prognostic marker for
survival in heart failure, neurological disorders, and COPD 167172173,
Additionally, MIP serves as an index for predicting the success of
ventilator weaning 74, and the risk of pneumonia in patients with
myocardial infarction '7°.

Similarly, MEP is recommended for assessing the efficacy of cough
in patients with neuromuscular disorders 7 and airway clearance
capacity in patients with head and neck cancer '7”.

Moreover, the ratio between MIP and MEP has been proposed as a
screening tool for diaphragm dysfunction. This approach offers a
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more convenient assessment than traditional methods that require
measuring vital capacity in the supine position, which may be
uncomfortable for some patients '78. Meanwhile, SNIP has been
demonstrated as a sensitive index for detecting the health status
decline in boys with Duchenne muscular dystrophy '° and for
alerting to the risk of intubation and mortality in patients with
amyotrophic lateral sclerosis, particularly during the palliative care
stage 180181,

Although MIP, MEP, and SNIP are widely recommended, their
clinical application depends on their predicted value '*°. Despite the
importance of ethnic differences in respiratory pressures '4°, the
predicted value of these measurements has not yet been well
established in the Southeast Asian population. Therefore, this study
aims to investigate the predicted value of these measurements in
Southeast Asian adults.

Methods
Ethic approval

The study was approved by the Ethics Committee at the University of
Medicine and Pharmacy at Ho Chi Minh City (approval No. 44
HDDD-DHYD, approval date the 9% of January, 2024). All
participants were fully informed about the study protocol and
provided informed consent. Participant information will be stored
securely, accessible only with a password. The study was conducted
following the Declaration of Helsinki and Good Clinical Practice
guidelines 4.

Participants

The study recruited healthy Vietnamese volunteers from three
regions of Vietnam. Recruitment information was posted on social
media, and potential subjects were contacted for in-person
appointments. The snowball sampling method was used to increase
the number of participants '®2. The sample size was calculated

following the formula n = 100 + 50%, with “” is the expected
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independent variables 8. Following previous studies investigating
reference norms for MIP, MEP, and SNIP 9, there are four expected
predictive variables: age, gender, weight, and height. Thus, data
collection was carried out between January and June of 2024,
continuing until the target of 300 participants was reached. All
subjects were naive to the respiratory pressure measurement
procedures.

Inclusion criteria

Healthy subjects were 18 years or older without any known
cardiopulmonary or neuromuscular conditions reported. They
demonstrated normal lung function, with forced expiratory volume in
the first second (FEV1), forced vital capacity (FVC), and FEV1/FVC
ratio above the lower limit of normality 47184 and were non-smokers
without any medical treatment or thoracic deformities. All subjects
had the necessary level of consciousness to perform the respiratory
maneuvers.

Exclusion criteria

Exclusion criteria were any respiratory infection within the past month
185, Any scars or abnormal signs on the thoracoabdominal area were
observed and investigated to exclude subjects who had undergone
thoracoabdominal surgery. Participants with a history of preterm birth
were also excluded. Persons with likely respiratory symptoms
(coughing, dyspnea, sore throat, fever, or swollen lymph node)
confirmed by a trained medical professional were not included.
Additionally, to ensure the safety of the participants, subjects with
abnormal vital signs, measured before and during the test, were
excluded. Abnormal signs were defined as heart rate outside the
range of 60-100 bpm, a respiratory rate of less than 8 or more than
25 breaths per minute, an oxygen saturation of less than 95%, or a
temperature outside the range of 36.5 - 37.5 degrees Celsius.

Measurements
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Demographic features were collected. Height and weight were
measured by the principal investigator. The lung function test was
conducted with a handheld spirometer (Spirobank Il Advanced, MIR,
Italy) 8 following the requirement of the American Thoracic Society/
European Respiratory Society (ATS/ERS) Guidance '&.

A portable respiratory pressure meter, with an operating pressure of
+ 300 cm H20 and burst pressure of £ 2000 cm H20 (RP Check, MD
diagnostic Ltd, UK), was used to measure MIP, MEP, and SNIP. The
MIP and MEP were measured with a filter and plastic flanged
mouthpiece, while a nostril sensor completely occluding one nostril
while keeping the other open was used to measure SNIP, with both
nostrils tested for SNIP to select the highest generated pressure. The
pressure meter device has a 2 mm internal diameter air leak and is
20-30 mm in length. The ERS recommends maintaining the opening
glottis and avoiding extra pressure generated by the buccal muscles
49 The measurements were performed at or close to the residual
volume (RV), total lung capacity (TLC), or functional residual capacity
(FRC) for MIP, MEP, and SNIP, respectively. The maximal pressure
needs to be maintained for at least 1.5 seconds to record the
maximum pressure sustained for 1 second ideally. All these
measurements were performed in an upright sitting position with two
feet on the floor, following the guidance of ATS/ERS for spirometry
and respiratory muscle pressures 49187 A standardized respiratory
warm-up was conducted before testing. Then, each measurement
was repeated at least 5 times with a 1-minute rest between trials until
the best three times varied within 10% 171188 The highest values
were kept. All subjects were coached to prevent air leaks during the
test. All assessors were trained and coached before collecting data.

Data analysis

Data were analyzed using the Statistical Package for the Social
Sciences (SPSS 27.0, IBM Software, Bethesda). The data
distribution was assessed using the Kolmogorov-Smirnov or Shapiro-
Wilk statistic, depending on the number of subjects 8°. The results of
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MIP, MEP, and SNIP were reported by age group. Two-way ANOVA
and post-hoc tests were conducted to examine the differences in
MIP, MEP, and SNIP among age groups and between genders. The
effect size of gender and age groups was evaluated using partial Eta
squared (pEs ) 0. Effect sizes were considered small (0.1 to 0.3),
medium (0.3 to 0.5), or large (above 0.5) '°'. The Bonferroni method
was applied to control for type 1 errors.

Predicted values were constructed using stepwise multiple linear
regression, with MIP, MEP, and SNIP as the dependent variables 92.
The predictive candidate variables included gender, age, height,
weight, BMI, FEV1, FVC, and FEV1/FVC ratio. The relationships
between MIP, MEP, SNIP, and the predictive factors were assessed
using Pearson or Spearman correlation coefficients, depending on
the normality of the data distribution. Significant variables were then
entered into the linear regression models 193, The goodness of fit of a
model was assessed by the coefficient of determination by adjusted
R2. The lower limit of the normal range for MIP, MEP, and SNIP was
determined using the fifth percentile of the negative residuals,
equivalent to 1.64 x the residual standard deviation 194195, A value of
p < 0.05 was considered significant.

Result
Demographic and maximal respiratory pressure comparisons

A total of 347 subjects were recruited. Out of them, 46 were excluded
due to abnormal spirometry (28), premature birth history (1), thoracic
and abdominal scars (2), refusal to perform spirometry (2), having flu
within 7 days (3), and smoking (10). The final analysis was
conducted on 301 subjects (62% from the South, 11% from the
Central, and 27% from the North). Among the subjects, 12 refused to
perform the SNIP measurement due to discomfort with the nostril
sensor. The demographic features and results of the measurements
according to age group are shown in Table 1. In males, the mean of
MIP, MEP, and SNIP were 107.0 £ 25.0, 143.7 + 39.6, and 63.8 *
24.5 cmH20, respectively. The obtained values for females were
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72.6 + 20.8 cmH20 for MIP, 93 + 25 cmH20 for MEP, and 45.6 +
18.6 cmH20 for SNIP. The two-way ANOVA test demonstrated that
age group and gender contributed to the between-subject effects for
MIP, MEP, and SNIP. All the measurements were significantly higher
in males than in females (+33, +45, and +17 cmH20, in MIP, MEP,
and SNIP, respectively). Among contributors, the pEs of the gender
were 0.318, 0.327, and 0.122 for MIP, MEP, and SNIP, respectively
(p < 0.05). The age groups had a smaller effect than gender with
pEs of 0.078, 0.111, and 0.041 for MIP, MEP, and SNIP, respectively
(P < 0.05). No significant effect of the interaction between age
groups and gender was found for MIP and SNIP but for MEP (p =
0.043) with a very low pEs of 0.033. The difference in MIP, MEP, and
SNIP between age groups is demonstrated in Table 2.
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Table 1. The demographic and respiratory pressures among age groups

Age N Female Male
group (Female/Male)
Age Height Weight BMI Mi ME SNI FEV1 FVC FEV1/F |Age Height Weight BMI MI ME SNI FEV1 FVC FEV1/FV
T T T T T T T T T T T T T T 1
18- 44/41 25 157 50 231 78 97 44 25 3 87 24 170 64 21 1M 15 64 39 4.6 85
30 (40/39 for (20 (5) (38 17 (19 (22 17 (1.8 (0.4) (6) (18 (6) (50 (2.5) (26 (0.5) (0.7) (6)
SNIP) -30)* 70y -32)* 3.2 30)* -100)* (21 (39
T T T T T T T T T T T T T T T 1
31- 49/36 36 155 54 215 73 97 45 25 3.1 82 36 167 68 23.8 1 16 60 34 4.2 82
40 (46/35 for (31 (5) (6) (19 (23 (29 (7 (04) (0.5) (52 (31 (5) 9) (18 (35 (2.6 (3.3 (5)
SNIP) -40) -27)* - 94y |40y 31y (24 (35 4 5.2 -5.9)
3)*
T T T T T T T T T T T T T T T 1
41- 29/24 45 153 52 22.6 7 93 50 21 2.7 79 45 166 66 23.8 10 13 67 3.1 3.8 82
50 (28/23 for (41 (5) (44 (2.6) (18 (23 (19 (0.3) (0.5) (8) (3) 7) 9) (2.3) (22 (0.4) (0.5) 4)
SNIP) -50)* -79)* (26 (32
T T T T T T T T T T T T T T T T 1
51- 31/16 56 155 57 23.8 72 96 48 2 2.4 80 57 165 67 242 10 12 64 29 3.7 79
60 (51 (5) 7) 2.7) (19 (22 (19 (04) (16 (6) (51 (160 (9) (3) (28 (05) (0.8) 7
-60)* -4.3)* F60)*  -178)* (33 (48
T T T T T T T T T T T T T T T T 1
261 20/11 65 152 54 23.3 57 7 36 1.8 2.2 79 67 167 61 221 86 1" 49 24 3.3 74
(61 (4) 8) (3.2) (22 (18 (13 (0.4) (0.4) (8) (3) (5) %) (2.6) (18 (22 (04) (23 (4)
-80)* (22 3.7y

N: number of subjects, MIP: Maximal inspiratory pressure, MEP: Maximal expiratory pressure, SNIP: Sniff nasal inspiratory pressure, BMI: Body mass index

MIP, MEP, SNIP, FEV1, FVC, FEV1/FVC were expressed in Mean (SD)

Age(years); Height (cm); Weight (kg); MIP/MEP/SNIP (cmH20); FEV1 (L); FVC (L); FEV1/FVC (%)
*: Values were described in median (min-max)
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Table 2. The difference in MIP, MEP, and SNIP among age groups in both genders

Age groups Female Male
a b The p The p The p The p The p The p
mean mean mean mean mean mean
difference difference difference difference difference difference
in MIP: a- in MEP: in SNIP: in MIP: a- in MEP: in SNIP:
b (SE) a-b (SE) a-b (SE) b (SE) a-b (SE) a-b (SE)
18- 31- 5.3(4.2) 0.7 -0.2(5.00 1.0 -2.0(4.0) 0.9 0.6 (5.5) 1.0 -10.1 0.7 -1.7(6.7) 09
30 40 (8.4)
41- 1.4 (4.9) 0.9 4.5 (5.7) 0.9 -5.9(4.5) 0.6 7.4 (6.2) 0.7 18.5(9.5) 0.3 -35(6.4) 09
50
51- 6.0 (4.8) 0.7 1.2 (5.6) 0.9 -3.9(4.4) 09 6.0 (7.1) 0.9 23.0 0.2 -05(7.3) 1.0
60 (10.9)
261 21.0 0.002 26.0 0.001 8.4 (5.0) 0.4 26.0 0.01 344 0.05 14.8(84) 04
(5.0)* (6.5)* (8.2)* (12.6)*
31- 18- -53@4.2) 07 0.2 (5.0) 1.0 2.0 (4.0) 0.9 -0.6(56.5) 1.0 10.1(8.4) 0.7 1.7 (5.7) 0.9
40 30
41- -3.9(¢4.8) 0.9 4.7 (5.6) 0.9 3.9(44) 0.9 6.7 (6.4) 0.8 28.5 0.03 -18(6.6) 09
50 (9.8)*
51- 0.7 (4.7) 1.0 1.4 (5.5) 0.9 -1.94.3) 0.9 5.4 (7.3) 0.9 33.0 0.03 1.2(7.4) 1.0
60 (11.1)*
261 15.3 0.04 26.1 0.001 104 4.9 0.2 25.4 0.02 445 0.006 16.5(8.5) 0.3
(5.4)" (6.4)* (8.3)* (12.7)*
41- 18- -14(4.9) 0.9 -45(5.7) 09 5.9 (4.5) 0.7 -74(6.2) 07 -185 0.3 3.5(6.4) 0.9
50 30 (9.5)
31- 3.9 (4.8) 0.9 -4.7(5.6) 0.9 3.9(44) 0.9 -6.7(64) 08 -285 0.03 1.8 (6.6) 0.9
40 (9.8)*
51- 4.5 (5.2) 0.9 -3.2(6.2) 09 1.9 (4.8) 0.9 -1.3(78) 1.0 45(119) 0.9 3.0 (8.0) 0.9
60
=61 19.1 0.01 21.5 0.02 14.3(54) 0.06 186(8.8) 0.2 16.0 0.7 18.3(9.0) 0.3
(5.9)* (7.0)* (13.5)
51- 18- -6.0(4.8) 0.7 -1.2(5.6) 09 3.9(4.4) 0.9 -6.0(71) 09 -23.0 0.2 0.5(7.3) 1.0
60 30 (10.9)
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31- -07(47) 10 -14(55) 09 19(@43) 09 -54(73) 09 -33.0 0.03 -12(74) 1.0
40 (11.1)*
41-  45(52) 09 3262 09 -19(48 09 13(7.8 1.0 -45 09 -30(80) 09
50 (11.9)
261 14.6(58) 0.09 247 0.004 12.3(53) 0.14 19.9(9.5) 02 114 09 153(96) 05
(6.9)* (14.5)
261 18-  -21.0 0.002 -26.0 0.001 -84(50) 04  -26.0 0.01 -344 0.05 -14.8 0.4
30 (5.0)* (6.5)* (8.2)* (12.6)* (8.4)
31-  -153 0.04 -26.1 0.001 -10.4 02 254 0.02 -445 0.006 -16.5 0.3
40 (5.4)* (6.4)* (4.9) (8.3)* (12.7)* (8.5)
41- 191 001 -215 002 -143 0.06 -18.6 02 -16.0 07  -183 0.3
50 (5.9)* (7.0)* (5.4) (8.8) (13.5) (9.0)
51- -146 009 -24.7 0.004 -123 0.14 -19.9 02 -114 09  -15.3 0.5
60 (5.8) (6.9)* (5.3) (9.5) (14.5) (9.6)

MIP: Maximal inspiratory pressure, MEP: Maximal expiratory pressure, SNIP: Sniff nasal inspiratory pressure, SE: standard error.

*p<0.05
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Correlation

The study identified significant negative correlations between age
and both MIP and MEP across the entire study population. However,
no such correlation was found for SNIP. Additionally, significant
positive correlations were observed between MIP, MEP, SNIP, and
predictive variables such as gender, height, weight, BMI, FEV1, and
FVC (Table 3). However, fewer significant correlation results were
obtained when examining the relationships between MIP, MEP,
SNIP, and predictive factors within each gender separately. The
correlation plots between age and MIP, MEP, and SNIP for both
genders are presented in Figure 1.

Predictive Equations for Maximal Respiratory Pressures

The regression models developed for MIP and MEP demonstrated
relatively robust predictive power, with adjusted R? values exceeding
35%. In contrast, the predictive models for SNIP exhibited lower
adjusted R? values, less than 20%, indicating weaker predictive
ability. Nevertheless, a moderate correlation was observed between
MIP and SNIP (r = 0.6, p = 0.001). Furthermore, when analyzed
separately by gender, the predictive equations for MIP, MEP, and
SNIP demonstrated relatively weak predictive power, with adjusted
R2 values below 15%. Table 4 outlines the predictive equations and
the corresponding lower limit of normal for these respiratory pressure
measurements.
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Table 3. The correlations between maximal respiratory pressures and predictive

variables
Predictive The whole study Female Male
variables population
MIP  MEP SNIP MIP MEP SNIP MIP  MEP SNIP
Gender - - - NA NA NA NA NA NA
0.60* 0.62* 0.38*
Age - - -0.11 - - -0.07 - - -0.09
0.24* 0.25* 0.23* 0.23* 0.23* 0.27*
Height 0.45* 047 03 009 011 0.12 0.08 -0.05 -0.06
Weight 0.42* 0.42* 0.31* 0.007 - 0.04 0.16 011 0.16
0.004
BMI 0.21* 0.19* 0.18* -0.04 -0.07 -0.3 0.25* 0.18* 0.24*
FEV1 0.58* 0.60* 0.38* 0.25* 0.27* 0.14 0.32* 0.33 0.19*
FvC 0.58* 0.59* 0.39* 0.24* 0.21* 0.14 0.27* 0.29* 0.18*

FEV1/FVC 0.07 0.09 0.04 041 0.2* 0.07 0.17* 0.15 0.05

MIP: maximal inspiratory pressure, MEP: maximal expiratory pressure, SNIP: sniff
nasal inspiratory pressure, BMI: Body mass index, FEV1: Forced expiratory volume
in the first second, FVC: Forced vital capacity.

NA: not applicable

*:p<0.01
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Figure 1. The plots of maximal inspiratory pressure, maximal expiratory
pressure, and sniff nasal inspiratory pressure versus age in females (A, B,

C) and males (D, E, F).
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Table 4. Predictive equations

. . Adjusted

Model Equations LLN R? (%) SEE p No.
MIP:

1 MIP = 163.4 — 27.2 x gender + 14.3 x FEV1 - 62.2 x height  -35 43 21.6 0.001

2 MIP = 68.6 — 22.3 x gender + 11.5 x FEV1 -35 414 21.8 0.001 301
3 MIP = 95.2 — 32.1 x gender — 0.41 x age + 1.2 x BMI -34 41 21.9 0.001

4 MIP = 121.7 — 33.7 x gender -0.37 x age -34 39.8 221 0.001

5 MIP = 107.4 — 34.7 x gender -34 36.3 22.7 0.001

MEP:

1 MEP = 211.7 — 38.2 x gender + 20.8 x FEV1 -82.7 x height -49 44.6 30.2 0.001

2 MEP = 85.6 — 31.7 x gender +17.1 x FEV1 -49 43.5 30.4 0.001 301
3 MEP = 135.1 — 46.75 x gender -0.6 x age + 1.34 x BMI -50 41.8 30.8 0.001

4 MEP = 165 — 48.6 x gender — 0.55 x age -50 411 30.9 0.001

5 MEP = 143.3 — 50.1 x gender -50 37.5 31.9 0.001

SNIP

1 SNIP =40.95 — 10.8 x gender +5.5 x FVC -30 17.0 21.1  0.001 289
2 SNIP = 63.8 — 18.16 x gender -30 14.8 214 0.001

MIP: maximal inspiratory pressure, MEP: maximal expiratory pressure, SNIP: sniff nasal inspiratory pressure, BMI: Body
mass index, FEV1: Forced expiratory volume in the first second, FVC: Forced vital capacity, SEE: standard error of the
estimate, No.: number of subjects.

Gender: Female = 1; Male = 0; Height in meters; weight in kg; FVC in L; FEV1 in L.

*LLN: the lower limit of the normal range was defined by subtracting the fifth percentile negative residuals from the predictive

value
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Discussion

This study investigated the gender and age-related effects on MIP,
MEP, and SNIP in a Southeast Asian adult population. The predictive
equations for MIP, MEP, and SNIP were established. The findings
were consistent with the well-established evidence of greater
respiratory muscle strength in males than in females 9.

This study contributes data on MIP and MEP in a Southeast Asian
population. Compared to previous studies, the MIP and MEP values
in this study are higher than those reported for Malaysian, Chinese,
and Indian populations in Singapore '°7. The MIP and MEP values
reported in this study were lower than those observed in Caucasian
populations but higher than those reported in Indian populations
149198 = suggesting that respiratory muscle strength may not be
uniform across different ethnic backgrounds and justifying the need
for ethnic-specific values. Although our study reported higher
pressures in MIP (males: 107 cmH20 versus 75 cmH20; females:
72.6 cmH20 versus 48.8 cmH20) and MEP (males: 143 cmH20
versus 93.4 cmH20; females: 93 cmH20 versus 60.7 cmH20)
compared to a previous study on Indians, this does not imply that the
Southeast Asian population has superior respiratory muscle strength
199 The Indian study's low repetition count (3) may have prevented
participants from achieving their peak performance, given the typical
recommendation of 5 repetitions 142171,

For SNIP, the participants exhibited lower values compared to
Caucasians (males: 63 cmH20 versus 104 cmH20; females: 45.6
cmH20 versus 84.8 cmH20) 2% and a Brazilian cohort (males: 63
cmH20 versus 114 cmH20; females: 45.6 cmH20 versus 92.6
cmH20) 201, When compared to other Asian populations, all the SNIP
measurements in this study also tended to be lower than those
previously reported in Japan 2%2, However, the study on Japanese
(males: 63 cmH20 versus 76 cmH20; females: 45.6 cmH20 versus
60 cmH20) did not include subjects = 70 years old, potentially driving
the values up. Similarly, a study on Taiwanese subjects reported
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higher SNIP 203, but the data are not directly comparable due to
differences in measurement protocols. The disparate SNIP
assessment methodologies employed across the referenced studies,
involving the occlusion or non-occlusion of the contralateral nostril,
contributed to the variability observed in the reported SNIP values.
The latest ATS/ERS recommendations required leaving the
contralateral nostril open, as in this study, which potentially lowered
the pressure values.

The observed variability in respiratory muscle strength across
different ethnic groups highlights the need for population-specific
reference values and diagnostic criteria for respiratory muscle
weakness. The cut-off points for respiratory muscle weakness
recommended by the ATS/ERS may not accurately reflect the
normative data for non-Caucasian populations, such as the
population examined in this study. One hypothesis is that
Caucasians have a higher lung volume than the Asian population 204,
leading to a greater demand for muscle recruitment, thus higher MIP
and MEP values. This suggests that applying these generic
guidelines to diverse ethnic groups could lead to inaccurate
diagnoses and suboptimal clinical management. Further research is
needed to establish appropriate reference standards that consider
ethnic differences in respiratory muscle function, ensuring reliable
assessment and care for people from diverse backgrounds.

Our study found that gender had a more pronounced effect on MIP
and MEP than age groups. While the effect size of gender was
moderate for MIP and MEP, and small for SNIP, the effect size of the
age group was small across all three outcomes. The reason for this
can be the weak negative correlation observed between these three
values and age (Table 3). Additionally, the limited effect of the age
group may be attributed to the approach used to subdivide the age
groups. Similar to previous investigations, this study grouped
participants based on decimal age rather than the true chronological
age regarding respiratory muscle strength changes. This
subgrouping method may have obscured the true relationship
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between age and respiratory muscle strength, resulting in less
reliable statistical findings due to the disregard of age-specific
patterns of change 20529 For example, the non-linear nature of
MIP/MEP reduction, with a slower decline in younger age groups and
a more pronounced decrease above 50 years old, may reduce the
sensitivity of the ANOVA test in assessing the effect size of age. This
study did not detect a significant age-gender interaction for MIP,
MEP, and SNIP, which is consistent with the results of a previous
study 2%7. Further studies are required to elucidate the complex
interplay of biological and chronological influences on the
maintenance of respiratory muscle function across the lifespan.
These results highlighted a declining trend in MIP and MEP with age,
whereas SNIP tended to plateau in both genders (Figure 1), as
illustrated by the linear regression (Table 4). The tendency of an
inverse relationship between MIP and MEP, and age, is consistent
with existing evidence on age-related changes in respiratory muscle
strength 2%, Interestingly, the female participants exhibited a later
reduction in MIP and MEP, with significant decreases observed in the
above-60 age group, while changes already occurred in younger age
groups for males (Table 2). However, a longitudinal study would be
better suited to verify the influence of age on these variables 2%°,

In contrast to studies on Caucasian and Latino populations 200201
this study found no significant decrease in SNIP with aging for both
genders. In the Asian population, there are discrepancies about the
age effect, with one study on Taiwanese individuals showing no
change in SNIP with aging 2%, while another on Japanese subjects
reported a decrease in elderly males but not females 2°2. The reason
for the difference between SNIP and MIP/MEP trends with aging is
unclear. One potential hypothesis is that individuals with weaker
baseline respiratory muscle function may experience a lower
absolute loss in muscle strength than those with stronger baseline
function, despite similar relative losses. This is because weaker
muscles may have less absolute capacity to lose, even if the relative
loss is comparable across individuals 2'°. Additionally, unlike MIP, the
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SNIP is more influenced by diaphragm performance, which remains
stable with aging 2.

Adding FEV1 in predictive equations increased the explained
variance in MIP and MEP, which could be reasonable in healthy
individuals due to the effort dependence of FEV1. However, in
patients with airflow obstruction or restriction, FEV1 may be more
influenced by the airways' mechanical properties rather than the
forced maneuver 2'2. Moreover, it requires the measurement of lung
function, increasing the cost and time. Therefore, the equation with
only gender, age, and BMI may be more appropriate for practical and
clinical use, as it does not have a significant difference in adjusted R?
compared to the equation with FEV1. Using the gender, age, and
BMI equation, MIP and MEP are predicted to annually decrease by
0.41 and 0.60 cmH20, respectively, as long as BMI remains
unchanged. Compared to the predicted values, the descriptive values
of MIP and MEP decrease less before the age of 50 and more rapidly
after 50. This suggests that the same absolute change may be more
significant and clinically relevant before the age of 50. Compared to
previous established equations, our study established equations for
MIP and MEP with relatively good adjusted R? values (Table 5).
When compared to the equation for Malaysians, we have more
subjects and a higher explained variance '97. Additionally, the study
on Malaysians was conducted almost 20 years ago, which raises the
possibility of variations in measurement techniques and equipment
that could impact the comparability of results. In contrast, the
predictive equation for sniff nasal inspiratory pressure had a low
adjusted RZ2. Interestingly, our study showed a similar R? value
compared to previous equations, except for a study by Urdry and
Fitting (Table 5). Most studies show the adjusted R2 for SNIP below
20%. This may be attributed to the larger inter-individual variability in
muscle activation patterns during sniffing, which reduced the
explained variance 2'3. Given this limited predictive power, clinicians
should be cautious in using SNIP equations as diagnostic tools.
Instead, these equations may be more appropriate as exploratory
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indicators, particularly in specific clinical contexts where SNIP may
complement other assessments. Among respiratory muscle
pressures, more discrepancies in SNIP results, as well as
measurement protocols, were observed than in MEP and MIP
149,202,203,208 | jke other studies, we found a moderate correlation
between SNIP and MIP #°. This study also provided the LLN, which
can be used to identify respiratory muscle weakness. ldentifying
values below the lower limit of normal can help guide treatments
such as respiratory muscle training. Awareness of respiratory muscle
weakness can aid in managing risks, especially for individuals prone
to complications, such as persons with HF, COPD, or difficulty
weaning off a ventilator 139.167.214 " Considering both the LLN and the
expected range of respiratory muscle strength for a given age can
refine clinical applications, such as tailoring respiratory muscle
training or rehabilitation programs to address specific deficits while
accounting for age-related physiological changes. While it may be an
overstatement to definitively claim that our predictive equations can
be applied to Southeast Asian countries, the use of anthropometric
indices as predictive factors, which are suggested to be similar
across Southeast Asia 2'°. Given the limited data available on
respiratory muscle strength in this region, the results of this study,
which employed the most up-to-date measurement protocols
recommended by the ATS/ERS, may be useful to other Southeast
Asian populations.

This study has several limitations. First, the optimal method for
assessing sniff nasal inspiratory pressure remains unclear due to
varying measurement approaches. Additionally, due to the non-
smoking criteria, the small number of male participants aged 61 and
above may have limited the ability to accurately characterize age-
related trends in respiratory muscle strength for this demographic.
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Table 5. Predictive equations comparison

Adjusted R?

Reference Equations LLN* (%) SEE  No. Population
0
MIP
. 95.2 — 32.1 x gender — 0.41 x age + 34 a1 219 301 Vietnamese

This study 1.2 x BMI

121.7 - 33.7 x gender -0.37 x age -34 39.8 22.1 301 Vietnamese

151.32 - 033A - 0.5 x height + 0.38 | o 19+t NR 42 Malaysian (Female)

X weight
Johan etal, 1997 52.48 + 0.18A - 0.09 x height + 0.12

48 +0. -0. +0.
) X nelg * NR 144t NR 69 Malaysian (Male)

weight

278.53 — 1.23 x height + 1.60 x .
Gopalakrishna et weight — 3.80 x BMI — 0.27 x age NR NR NR 125 Indian (Male)
al., 2011 379.62 — 2.34 x H + 4.67 x weight — .

9.83 x BMI - 0.00 x age NR NR NR 125 Indian (Female)
Bruschietal, 1992 02~ 026xgender~0.004xage+ o 46.0 213 669 Caucasian

0.47 x body surface area

155-0.8 x age NR 42.4 17.3 50 Latino (Male)
Neder et al., 1999 )

110-0.49 x age NR 46.5 9.1 50 Latino (Female)
Black and Hyatt., 143 - 0.55 x age NR NR NR 60 Caucasian (Male)
1969 104 - 0.51 x age NR NR NR 60 Caucasian (Female)

120-0.41 x age 62 —(0.15x2) NR NR  NR Caucasian (Male)
Evans et al., 2009 )

108 — 0.61 x age 68-(0.5x2) NR NR  NR Caucasian (Female)




MEP

135.1 — 46.75 x gender -0.6 x age +

-50 41.8 30.8 301 Vietnamese
This study 1.34 x BMI
165 —48.6 x gender — 0.55 x age -50 41.1 309 301 Vietnamese
109..82 + 0.05A - 0.22 x height + 0.30 NR 146+ NR 4 Malaysian (Female)
X weight
Johan etal, 1997 181.87 - 0.16A - 0.90x height + 0.43
.87 -0. -0. +0.
: Xneig *NR 244+ NR 69 Malaysian (Male)
weight
566.98 — 2.85 x height + 3.29 x .
Gopalakrishna et weight — 7.13 x BMI — 1.04 x age NR NR NR 125 Indian (Male)
al., 2011 178.49 — 0.88 x height + 2.19 x .
weight — 3.65 x BMI — 0.42 x age NR NR NR 125 Indian (Female)
4.54-0. -0.
Bruschi etal, 1992 >4~ 0.35xgender—0.003xage+ 27 333 669 Caucasian
0.24 x body surface area
165—-0.81 x age NR 47.7 15.6 50 Latino (Male)
Neder et al., 1999 )
115-0.61 x age NR 47.9 11.2 50 Latino (Female)
Black and Hyatt., 268 — 1.03 x age NR NR NR 60  Caucasian (Male)
1969 170-0.53 x age NR NR NR 60 Caucasian (Female)
174-0.83 age 117 - (083 NR NR  NR Caucasian (Male)
Evans et al., 2009 age)
131-0.86 age 95-(0.57 age) NR NR  NR Caucasian (Female)
SNIP
This study SNIP = 63.8 — 18.16 x gender -30 14.8 21.4 289 Vietnamese
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) -0.47 x age + 135.6 -69.2 9.0 NR 111 Brazilian (Male)
Araujo et al., 2012

-0.36 x age + 110.1 -61.9 10 NR 132 Brazilian (Female)
] -0.67 x age + 104.65 -32.9 14.0 NR 112 Japanese (Male)
Kamide et al., 2009
2.31 x BMI + 10.26 -28.8 9.0 NR 111 Japanese (Female)

(-0.42 x age) +

Uldry and Fitting, -0.42 x age + 126.8 126.8 — 390 030t NR 80 Caucasian (Male)
1995 -0.22 x age + 94.9 5(92922:(2;,‘;’(;3) * 0.23 t NR 80 Caucasian (Female)
21.10 + 1.24 x weight 60.3 16.0 NR 58 Taiwanese (Male)
Huangetal., 2014  19.44 +5.65 x BMI — 2.06 x Body 520 180 NR g1 Taiwanese
Fat% (Female)

MIP: maximal inspiratory pressure, MEP: maximal expiratory pressure, SNIP: sniff nasal inspiratory pressure, BMI: Body mass
index, SEE: standard error of the estimate, No.: number of subjects; NR: Not reported

*LLN: the lower limit of the normal

t: The study reported R instead of adjusted R-squared

100



Conclusion

This study provides ethnic-specific predictive equations for MIP,
MEP, and SNIP, which may serve as a preliminary step toward
developing reference values for the broader Southeast Asian region.
Subtracting 34 cmH20 for MIP and 50 cmH20 for MEP from the
suggested predictive values will establish the LLN. The declining
trend with aging was observed in MIP and MEP but not in SNIP.
However, our study reported lower mean values for these outcomes
than for other ethnicities. This issue should be addressed carefully to
prevent dysfunctions and risks of muscle deterioration.
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4. The Alternation method for inspiratory muscle training and
measurement.

To effectively measure and train the respiratory muscles, specialized
measurement and training equipment, along with trained personnel,
are essential. However, access to these devices is not always readily
available in Low- and Middle-Income Countries, including Vietnam.
This scarcity of resources can hinder the implementation of effective
respiratory muscle training programs. Therefore, a simple, alternative
method for performing inspiratory muscle training is needed to
overcome these limitations. Among the available monitoring tools for
training, the Borg CR10 scale is a potential solution, serving as a
subjective measure of perceived exertion that does not require
specialized equipment and can be used to determine the intensity of
aerobic and resistance training. Consequently, a study was
conducted to investigate the validity and reliability of the Borg CR10
scale in monitoring the intensity of IMT to provide a practical and
accessible alternative for monitoring training intensity in resource-
limited settings.

103



104



Can We Use the Borg Scale to Identify the Intensity of
Inspiratory Muscle Training and Estimate the Maximal
Inspiratory Pressure?

Ngoc-Minh Nguyen; Thi-Quynh-Nhu Do; Diem-Quynh Nguyen Tran;
Ngoc-Tram Thi Vo; Chung Huynh; Gregory Reychler

Status: Under review — Journal of Physiotherapy

Abstract

Objective: This study aimed to investigate the validity and reliability
of the Borg CR10 scale to identify the intensity of inspiratory muscle
training (IMT). The study also aimed to determine the Borg score
corresponding to 30% maximal inspiratory pressure (MIP) and
establish a predictive model for %MIP using the Borg score.

Methods: The corresponding %MIP at different Borg CR10 ratings
was determined through two assessments. First, MIP was measured,
then the inspiratory pressures at each Borg rating were measured
and converted to %MIP. A second assessment was conducted one
week later to evaluate the reliability. Validity was analyzed using
Spearman correlation, reliability with Intraclass correlation, and
measurement errors with Bland-Altman. Receiver Operating
Characteristic (ROC) analysis identified the Borg score for 30% MIP,
and curve fit analysis established predictive models for %MIP using
the Borg score.

Results: The results showed significant positive correlations
between %MIP and Borg score (r = 0.79). The Borg CR10 exhibited
excellent reliability (ICC = 0.88), although reliability varied across the
scale. There was a small systematic error (<5% MIP) in most Borg
levels. ROC analysis indicated a Borg 3-4 corresponds to 30% MIP,
and linear, cubic, and quadratic models reliably predict %MIP from
the Borg score.

Conclusion: The Borg CR10 scale can estimate MIP and identify
IMT intensity, providing a practical approach for clinicians to assess
and adjust respiratory muscle training.
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Introduction

Inspiratory muscle training (IMT) has become an increasingly popular
intervention for various health conditions, such as chronic obstructive
lung disease 2'6, heart failure '3°, mechanical ventilation 2'7, and
neuromuscular diseases 2'8. Similar to all muscle training, the
training intensity has to be determined 2'%. The current guidelines
recommend the intensity of the training to be between 30% and 80%
of the maximal inspiratory pressure (MIP) 139216220 To conduct the
IMT, the MIP has to be measured using a respiratory pressure meter
49 Then, the acquired MIP is used to determine the intensity of the
IMT with a training device ?2'. Furthermore, this process may need to
be repeated weekly during the training to adjust the resistance and
optimize the benefit 222, However, the assessment and training
device may not be readily accessible, with high costs and healthcare
service dependence accompanying it. Therefore, simple and
practical methods to identify the training intensity for IMT are
necessary to enable patients to train optimally. Among intensity
anchor methods, the Borg CR10 rating of perceived exertion scale,
recommended by the American Thoracic Society for exercise
prescription 223, is a simple and cost-free tool for monitoring intensity
during aerobic 2?* or resistance training 225. However, it has never
been investigated to identify the IMT intensity. Thus, this study aimed
to investigate the validity and reliability of the Borg CR10 scale to
identify the intensity of the IMT. The second goal was to determine
the Borg score level that corresponds to the minimum recommended
intensity of 30% MIP and establish a predictive model for the
percentage of MIP (%MIP) using the Borg score.
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Method's
Ethics statement

This study was approved by the Ethics Committee in Biomedical
Research at the University of Medicine and Pharmacy in Ho Chi Minh
City, with approval number 725/DHYD-HDDD dated 12/02/2025. All
participants provided informed consent to take part in the study. The
research was conducted following the Declaration of Helsinki for
medical research involving human subjects 145,

Participants

The study recruited volunteer adults = 18 years old. Individuals were
excluded if they had spontaneous pneumothorax, eardrum injury, or
unstable asthma 226, Following the COSMIN guidance, the minimum
sample size for validity and reliability is 50 participants 2.

Protocol

The study was conducted at the Rehabilitation Department,
University of Medicine and Pharmacy at Ho Chi Minh City. The study
comprised two visits scheduled one week apart.

During the first visit, demographic data were collected. The
participants were explained the Borg CR10 scale ??’. The scale
ranged from zero to 10, with zero classified as "no perceived effort"
and 10 as "maximal perceived effort". Then, participants were
instructed to inhale through the mouth three times at maximum effort,
with one-minute rest periods between trials, to warm up and become
accustomed to the maneuver. Participants were asked to anchor
their perception of maximal inspiratory effort with a Borg score of 10.
Subsequently, the MIP measurement was performed using a
portable respiratory pressure meter (RP Check, MD Diagnostic Ltd,
UK) with a filter and plastic flanged mouthpiece, following the
European Respiratory Society (ERS) guidelines 49, The
measurement was performed at the residual volume (RV). The
participants were instructed to inhale through the mouth with maximal
effort. The maximal pressure needs to be maintained for at least 1.5
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seconds. The measurement was performed in an upright sitting
position with two feet on the floor, following the guidance of ERS '4°,
Each measurement was repeated at least 5 times, with a 1-minute
rest between trials, until the best three times varied within 10% '4°.
The highest value was recorded as MIP. Finally, the corresponding
%MIP at different Borg scores was measured. The participants were
asked to breathe in with different effort levels corresponding to the
Borg scores from 10 to 1, with a 1-minute rest between trials. The
corresponding inspiratory pressures were measured using the same
respiratory pressure meter for each Borg CR10 scale rating. These
inspiratory pressures were then converted to percentages of
recorded MIP to establish the corresponding %MIP at each Borg
score (from 1 to 10). There was a 15-minute resting period between
measurements. All assessors were trained and coached before
collecting data. During both measurements, the participants were
blinded to the outcomes.

In the second visit, the procedural protocol mirrored that of the first
visit precisely. However, a key modification was implemented: the
measurement of the corresponding %MIP at different Borg scores
was conducted prior to the MIP measurement. This deliberate
reversion in the order of procedures was strategically designed to
mitigate any potential carry-over effect that the MIP measurement
might have on the participants' subjective anchoring of the %MIP
values relative to the Borg CR10 scale ratings.

Data analysis

The data analysis was performed using SPSS version 29.0.
Descriptive statistics were used to summarize the participants'
characteristics with mean and standard deviation or medians and
interquartile ranges.

The validity of the Borg CR10 scale to quantify the level of effort in
IMT was confirmed with Spearman’s correlation coefficients between
the Borg scores and the corresponding %MIP of both visits 2. The
correlation was classified as low when r < 0.5, moderate when

108



between 0.5 and 0.69, and high when = 0.7 228, The distribution of
corresponding %MIP to each Borg score was visualized using box
plots. The paired t-test was used to investigate the difference in
corresponding %MIP at each Borg score between the two visits. The
one-way ANOVA test was used to examine the differences in %MIP
between different Borg scores in each visit 22°,

The test-retest reliability of the corresponding %MIP at different Borg
scores was tested using the ICC with a two-way mixed, absolute
agreement, single-measurement model 2. The ICC values greater
than 0.5 are acceptable, values over 0.75 suggest the test has good
reliability, and those above 0.9 are considered excellent '%2. The level
of agreement was determined with the Bland-Altman plot to evaluate
the measurement errors 2%0. The linear regression was performed to
check for proportional bias 2.

To identify the Borg score threshold corresponding to the minimal
recommended IMT intensity of 30% MIP 39216 g Receiver Operating
Characteristic (ROC) curve analysis was performed 23'. This analysis
identified the optimal cutoff Borg score using a 30% MIP threshold,
with the acceptable sensitivity and specificity set to exceed 70% 232.
Values above 30% MIP were considered positive, and values less
than 30% MIP were considered negative. The acceptable area under
the curve (AUC) is above 0.8 233, Additionally, the curve estimation
analysis was conducted to investigate the explanatory model for
predicting %MIP based on the Borg score. The statistical significance
was set at p < 0.05.

Result
Demographic

A total of 50 participants (female/male: 27/23) were recruited for the
study. The demographic characteristics are shown in Table 1.
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Table 1. Characteristic of participants (N = 50)

Mean (SD) Range
Age (year) 31.1(12.4) 20.0 - 63.0
Weight (Kg) 57.1 (10.6) 40.0 - 90.0
Height (m) 1.61 (0.1) 1.47 —1.93
BMI 21.8 (2.5) 16.4 — 26.4
MIP (cmH20) 81.4 (29.3) 35.0-161.0

Validity and the distribution of the percentage of maximal inspiratory
pressure at different Borg scores

There were significant positive correlations between corresponding
%MIP and Borg score for the first (r = 0.79, p = 0.001) and second
visit (r = 0.80, p = 0.001). The corresponding %MIP values at each
Borg score are demonstrated in Figure 1 for both visits. The
descriptive data for the corresponding %MIP at each Borg score are
shown in Table 2. There was no significant difference in %MIP at
each Borg score between the two visits (all p > 0.05). The ANOVA
test revealed that, except for the Borg scores of 9 and 10, there were
no statistically significant differences between the two continuous
Borg scores in %MIP in both visits (Table 3).
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Figure 1. The percentage of maximal inspiratory pressure at each
Borg score across two visits
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Table 2. The distribution of the %MIP at different Borg scores

First visit (N = 50)

Second visit (N = 50)

Difference in %MIP between

the two visits

Mean (SD) 95% ClI Mean (SD) 95% CI Mean (SD) 95% ClI
%MIP-Borg 1 18.9 (9.0) 16.4-21.5 20.3(12.1) 16.9 - 23.8 1.4 (12.0) -20-438
%MIP-Borg 2 23.4 (13.0) 19.7-27.0 26.3 (12.2) 22.9-29.8 3.0 (12.6) -0.6 - 6.6
%MIP-Borg 3 29.9 (14.4) 25.8-34.0 33.2 (15.9) 28.7 - 37.8 3.3 (13.5) -05-71
%MIP-Borg 4 38.0 (19.5) 32.5-43.5 42.4 (17.9) 37.3-47.5 4.4 (18.8) -0.9-9.38
%MIP-Borg 5 46 (16.5) 41.3-50.7 50.2 (18.6) 449 -554 42 (17.1) -0.7-9.0
%MIP-Borg 6 48.4 (18.0) 43.7 - 54.0 53.5 (16.0) 49.0 - 58.1 4.7 (19.7) -0.9-10.3
%MIP-Borg 7 55.9 (21.1) 49.9-61.9 60.7 (14.5) 56.5-64.8 4.7 (21.2) -1.3-10.8
%MIP-Borg 8 60.2 (19.7) 54.6 - 65.8 60.7 (17.1) 55.8 - 65.6 0.5(23.4) -6.1-7.1
%MIP-Borg 9 72.0 (19.8) 66.3-77.6 74.7 (14.4) 70.6 - 78.8 2.7 (22.3) -3.6 -9.0
%MIP-Borg 10 92.9 (16.1) 88.3-97.5 92.9 (13.4) 89.1-96.7 0.1 (16.6) -46-4.8

%MIP-Borg: the corresponding percentage of maximal inspiratory pressure at different Borg scores.

N: the number of values for each Borg score

Cl: Confident interval
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Table 3. The difference in the corresponding percentage of maximal inspiratory pressure across the
Borg CR10 scale

First visit Second visit

%MIP 1 2 3 4 5 6 7 8 9 1011 2 3 4 5 6 7 8 9 10
Borg

1 - o ¢ R - o ¢ R
2 o - o R o - o R
3 ¢ o - O ¢ ¢ ¢ ¢ e+ 0 ¢ O - 0 4 ¢ ¢ e+ e+
4 ¢ ¢ o . O o * ¢ ¢ RO
5 ¢ ¢ ¢ - o o ¢ ¢ ¢ RSO
6 ¢ ¢ ¢ o o - O ¢ & ¢ ¢ ¢ ¢ ¢ o - 0 o ¢ o
7 ¢ ¢ ¢ ¢ o o - o ¢ ¢ ¢ ¢ ¢ ¢ & o ¢
8 ¢ ¢ ¢ ¢ ¢ e+ o ¢ 0 R
9 R . R - e
10 R e .

o: No statistically significant difference
¢+: Statistically significant difference
%MIP Borg: the corresponding percentage of maximal inspiratory pressure at Borg score
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Reliability

The ICC was 0.87, with a mean bias of 2.9% and the limits of
agreement ranging from -38.2% to 32.4%. However, the depth
analysis demonstrated different levels of reliability across the Borg
CR10 scale. The limit agreements are shown in Table 4. There is no
proportional bias for the Borg scores with statistically significant
reliability (all p values of linear regression > 0.05).

The Receiver Operating Characteristic analysis

The AUC of the ROC analysis with the cut-off threshold of 30% MIP
was 0.89 (95% IC: 0.85 — 0.92) and 0.90 (95% IC: 0.87 — 0.93) for
the first and second visit, respectively (Figure 2). The coordinates of
the curve are shown in Table 5.

The curve estimation analysis and the explained model for predicting
%MIP based on the Borg score

The curve estimation analysis was conducted for the first and second
visits. The results indicated that the linear, cubic, and quadratic
models could all be used to explain the relationship between %MIP
and the Borg score. The adjusted R-squared values were relatively
consistent across the three models (linear, cubic, and quadratic) and
between the two visits (Table 6).
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Table 4. The reliability of the corresponding percentage of maximal
inspiratory pressure at each Borg score

ICC 95% IC Bias Upper Lower
limit limit
%MIP-Borg 1 0.53* 0.18-0.74 1.4 249 -22.1
%MIP-Borg 2 0.66* 0.40-0.80 3.0 27.7 -21.7
%MIP-Borg 3 0.75* 0.56-0.86 3.3 29.8 -23.2
%MIP-Borg 4 0.65* 0.40-0.81 44 41.2 -32.4
%MIP-Borg 5 0.68* 0.46-0.82 4.2 37.7 -29.3
%MIP-Borg 6 0.49* 0.12-0.71 4.7 43.3 -33.9
%MIP-Borg 7 0.48* 0.09-0.70 4.7 46.3 -36.9
%MIP-Borg 8 0.33 -0.20-0.63 5 46.4 454
%MIP-Borg 9 0.30 -0.24-060 57 46.4 -41.0
%MIP-Borg 10  0.55* 0.20-0.75 0.06 32.6 -32.5

*p<0.05
ICC: intraclass correlation coefficient (absolute agreement)
%MIP-Borg N (N:1-10): corresponding %MIP at each Borg score
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Figure 2. The ROC analysis: A: first visit (AUC = 0.89); B: Second
visit (AUC = 0.9)

Table 5. Coordinates of the curve

Positive of First visit Second visit

archive > 30% Sensitivity 1 - Specificity Sensitivity 1 - Specificity
MIP if greater

than or equal to

the Borg score

of

1.5 0.98 0.70 0.98 0.65
2.5 0.94 0.46 0.93 0.41
3.5 0.88 0.26 0.86 0.21
4.5 0.78 0.15 0.77 0.1
5.5 0.66 0.10 0.65 0.05
6.5 0.54 0.06 0.52 0.03
7.5 0.41 0.03 0.39 0.02
8.5 0.28 0.007 0.27 0.001
9.5 0.14 0.001 0.13 0.001
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Table 6. Predictive models for %MIP using Borg score

. Adjusted
Model Equations R? (%) SEE p No.
Linear %MIP = 8.2 + 7.4 x Borg-score 59 17.6  0.001
Quadratic  %MIP = 17.3 + 2.8 x Borg-score + 0.4 x Borg-score? 60 17.3 0.001 First visit
0 = - - _ 2
Cubic %MIP = 4.1 + 14.2 x Borg-score - 2.1 x Borg-score? + 0.15 x 61 171 0.001
Borg-score?®
Linear %MIP =11.9 + 7.2 x Borg-score 63 15.8 0.001
Quadratic  %MIP = 17.2 + 4.5 x Borg-score + 0.2 x Borg-score? 64 15.7 0.001 Second
0 _ : i i R .
Cubic %MIP = 3.8 + 16.4 x Borg-score - 2.3 x Borg-score? + 0.16 x 65 155 0.001 visit

Borg-score?®

%MIP: percentage of maximal inspiratory pressure, SEE: standard error of the estimate, No.: number of values.
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Discussion

The results indicate that the Borg scale is a valid method for
anchoring the intensity of inspiratory muscle training, with high,
similar correlations observed across both visits (r = 0.79 and 0.80).
The results align with findings from a systematic review that
examined using the Borg scale to determine the intensity of
resistance training for limb muscles, which reported a good validity
coefficient (r = 0.88) 234, Additionally, the participants performed two
measurements unaware of the intensity, reinforcing the good validity
of anchoring the %MIP with the Borg score. However, in both visits, a
warm-up with 3 repetitions of maximal inspiratory effort was
conducted to anchor the maximal effort, suggesting that a warm-up
with maximal effort may be necessary to anchor the effort, like the
ERS recommendation '4°.

The box plot demonstrated a clear trend of increasing %MIP
proportional to the rise in Borg score. However, the relationship
between the Borg score and the corresponding %MIP was not
straightforward, but rather exhibited a more complex pattern.
Specifically, the Borg 3, Borg 4, and Borg 10 corresponded to
approximately 30% MIP, 40% MIP, and 100% MIP, respectively.
Meanwhile, Borg 1 and 2 were equivalent to around 20% MIP, and
Borg 5 through Borg 9 fell within the 45% to 70% MIP range.
Interestingly, this pattern is similar to findings from other studies that
used the Borg CR10 scale to determine intensity in peripheral muscle
resistance training 23° and aerobic training 2%6. The reason may be
attributed to the ambiguity of the higher half of the Borg CR10 scale,
where some Borg scores lack descriptors (Borg scores of 6 and 8),
leading to biased responses 2%7. At the same time, the descriptions
for Borg 7 (very hard) and Borg 9 (very, very hard) can be confusing
and overlap. The paired t-test revealed no significant difference in
%MIP at each Borg score between the two visits, suggesting no
training effect. Noticeably, the ANOVA result (Table 3) recommended
that a change of one Borg score may not lead to a significant change
in IMT intensity from Borg 1 to Borg 7. Accordingly, changing at least
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2 Borg score units may be more clinically meaningful in training. For
the Borg scores from 8 to 10, a change of one score unit may be
sufficient to result in a real change in the corresponding %MIP.
Despite the imperfections, the Borg CR10 scale can consistently
anchor the relative intensity of inspiratory muscle training across
participants.

In our study, the Borg CR10 scale has excellent reliability in IMT,
similar to a previous study on peripheral muscle resistance training
(ICC = 0.88) 238, However, a further analysis revealed varying levels
of reliability across the Borg CR10 scale. Most Borg scores (1, 2, 4,
5, and 10) demonstrated acceptable reliability in replicating the
corresponding %MIP (ICCs > 0.5) 2. The Borg score of 3 showed
good reliability (ICC =0.75). In contrast, the Borg scores of 6 and 7
exhibited poor reliability (ICCs < 0.5), and the Borg scores of 8 and 9
were unreliable (p > 0.5). The low reliability to unreliability of the Borg
scores from 6 to 9 may be attributed to the ambiguous nature of
those scale points, as mentioned in the discussion of the scale's
validity. To our knowledge, this is the first study to investigate the
reliability of each level of the Borg scale, highlighting the importance
of considering the methodological approach when investigating the
reliability of a multi-level perception scale. The results also showed a
small systematic error of less than 5% MIP in most Borg levels
(except 8 and 9), which is less than 10% of the accepted error by the
ERS guidelines '#°. However, the general random error of the scale
was higher, likely due to the subjective nature of the measurement.
In summary, the reliability of the Borg scale in determining IMT
intensity is acceptable, but the potential for random errors should be
aware, particularly for Borg scores from 6 to 9.

The ROC analysis demonstrated good AUC in both visits 233, The
curve coordinates for each Borg score of both visits were almost the
same, demonstrating the scale's stability. This study suggested that
around 86 to 88% sensitivity (meaning the Borg score correctly
identifies this percentage of people at the target intensity) with a Borg
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score of 3 or 4 can anchor the intensity of 30% MIP, which is widely
recommended as a minimal intensity for IMT 139,216,222,

Although the 30% MIP is commonly used as the initial target intensity
for inspiratory muscle training, the appropriate training demand may
need to be adjusted based on the individual's underlying health
conditions 139216220 Therefore, curve fit analysis was performed to
establish predictive models for %MIP using the Borg scale. This
study demonstrated that the linear, the cubic, and the quadratic
models can all be used to predict the %MIP based on the Borg score,
with adjusted R? above 60%. Furthermore, the results across the two
visits were highly consistent, indicating the stability and reliability of
the predictive equations. The slightly higher adjusted R2 in the
second visit may be attributed to the participants' improved ability to
anchor their effort with repetition. However, the study's methodology
cannot investigate this possibility. Nevertheless, the reported level of
variance explanation is higher than the generally accepted value of
25% to 40% used in medicine 2%°. Compared to another study using
the Borg scale to predict heart rate and lactate levels in aerobic
training, our study reported a higher adjusted R-squared value 236,
The Borg scale may be more efficient for monitoring inspiratory
muscle training than aerobic training, as aerobic training involves a
more global response rather than a focused effort, which can be
affected by various factors 240, The standard error of the estimate
(SEM) was 15-17%, close to the recommended 10% acceptable
error 49, supporting the use of equations to predict the %MIP. While
the adjusted R-squared values were similar across the three models,
the linear model can be easily computed and adjusted for clinical
practice. This finding proposed a new approach for assessing
respiratory muscle function at the submaximal levels, particularly for
individuals with contraindications to maximal respiratory muscle
testing '#°. With a simple device that displays the absolute pressure
value at a given Borg CR10 score, along with the corresponding
%MIP to that Borg score calculated using the equation, the estimated
MIP can be easily calculated. For instance, if a person were asked
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to inspire with a device that can quantify the pressure at Borg 5, and
the result is 30 cmH20. Then, using the linear regression equation
from this study, the estimated %MIP at Borg 5 would be 8.2 + (7.4 x
5) = 45.2%. Therefore, the estimated MIP for this case would be 30
cmH20 / 0.452 = 66.4 cmH20.

This study has several limitations. First, the participants were
generally healthy adults, so the results may not apply to other
populations. For instance, the subjective dyspnea associated with
respiratory diseases can impair the anchor effort capacity of the Borg
CR10 scale in people with respiratory conditions 24'. Future studies
are needed to confirm these findings on other populations.
Additionally, the small sample size precluded the establishment of a
multiple linear regression model, which could potentially provide a
more accurate estimation of the Borg score by incorporating
additional parameters like age, height, weight, and gender.
Furthermore, because the experiment for anchoring the % MIP with
the Borg scale was conducted in order from maximum to minimum
score, the study could not investigate the effect of randomization in
anchoring the %MIP by Borg score.

In conclusion, this study suggests that the Borg CR10 scale can be
used to identify the IMT intensity and estimate the MIP. This provides
a practical approach for clinicians to assess and adjust respiratory
muscle training at submaximal levels.

121



122



Chapter 2: Functional Exercise Capacity Assessment for
persons with heart failure

In cardiopulmonary disorders, functional exercise capacity is an
excellent indicator of mortality rate, hospitalization, quality of life, and
dependency. Therefore, a main role of cardiopulmonary rehabilitation
is to monitor the trajectory and improve functional exercise capacity.
Functional exercise capacity is fundamentally determined by oxygen
transportation and utilization efficiency. The cardiopulmonary
exercise test is considered the gold standard for assessing exercise
capacity with comprehensive information about the integrated
physiological response to exercise. However, due to the high cost
and specialized facility requirements, its application in routine
practice remains limited, especially in settings like Vietnam.
Therefore, the development and validation of more accessible
assessment tools to comprehensively evaluate cardiopulmonary
function during exercise is needed. Considering the time and
infrastructure constraints within the Vietnamese context, the 1-minute
sit-to-stand test was selected as the focus for a validation project.
Among cardiopulmonary diseases, individuals with heart failure were
selected as the target population due to the high prevalence rate, not
only in Vietnam but also worldwide.
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Abstract

Objective: This study aimed to evaluate the reliability, the minimally
important difference (MID), and the learning effect of the one-minute
sit-to-stand test (1STST) in assessing functional exercise capacity in
patients with heart failure (HF).

Design: A cross-sectional study
Setting: Two hospitals

Participants: Patients with a HF diagnosis by a cardiologist following
the 2021 European Society of Cardiology Heart Failure guideline.
Most participants were male (60%). Most participants had normal
BMI (62%). All participants were classified as having New York Heart
Association Functional Class Il or lII.

Interventions: Not applicable

Main outcome measures: Each patient performed a 6-minute walk
test (6MWT) and two 1STST on two occasions spaced one month
apart. Test-retest reliability between occasions was evaluated using
intraclass correlation coefficients (ICC), Bland-Altman plot analysis,
and linear regression. The minimal important difference (MID) was
determined using a distribution-based method. To assess the
learning effect, we conducted a paired t-test comparing the two
1STST on each occasion, and the magnitude of the learning effect
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was quantified using Cohen’s d. The correlation between the 1STST
and 6MWT was performed to confirm validity.

Results: 1STST showed good test-retest reliability (ICC = 0.98;
p<0.001) with good agreement between the two measurements,
without proportional bias (p>0.05). The MID was 1.1 repetitions. The
learning effect of 1STST was observed (p<0.001) with a large effect
size when repeated a month later (Cohen’s d >0.8). The 1STST
strongly correlated with the 6MWT (r = 0.74, p = 0,001).

Conclusions: The 1STST is a valid and reliable measure of
functional exercise capacity in patients with HF. Due to the learning
effect, this study recommended performing two trials to capture the
true value.

Keywords: heart failure, 1-minute-sit-to-stand test, reliability, validity,
learning effect.

Introduction

Heart failure (HF) is a leading cause of mortality worldwide, with a
significant impact on public health 2*2. The disease is characterized
by the heart's inability to pump blood effectively, resulting in poor
exercise tolerance, reduced functional capacity, and diminished
quality of life for those affected 243. Furthermore, the healthcare costs
associated with HF are rising significantly, posing a growing burden
on healthcare systems 2*. Among the contributing factors,
decreased exercise capacity is a strong predictor of morbidity and
mortality in patients with HF 245246 Therefore, assessing exercise
functional capacity is essential for evaluating disease severity,
determining prognosis, and guiding treatment in this patient
population 246, Besides, evaluating exercise functional capacity
provides insights that can guide the establishment of appropriate
rehabilitation interventions.

The cardiopulmonary exercise test is considered the gold standard
for assessing physical capacity with comprehensive information
about the integrated physiological response to exercise 26, However,
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the test requires specialized equipment with trained staff and is time-
consuming, making it impractical for routine clinical use in resource-
limited settings 247. Thus, submaximal tests like the 6-minute walk
test (6MWT) are commonly used for measuring functional exercise
capacity 8. However, the 6BMWT has several limitations, including
the need for a long hallway and the time required to conduct the test
249 Therefore, the 6BMWT challenges resource-constrained settings,
where hospital space and staffing might be limited. The one-minute
sit-to-stand test (1STST) has emerged as a promising alternative to
the 6BMWT for patients with HF 2%°. This simple assessment of
functional exercise capacity may be well-suited for use in settings
with limited resources. Previous research found the one-minute sit-
to-stand test to be a reliable and valid assessment of functional
exercise capacity in patients with HF, without a significant learning
effect 257. However, the reported lack of a learning effect for the
1STST is open to question and debate, given the current evidence
on this topic in other populations 252254 Additionally, this study
assessed the learning effect in participants who were already familiar
with the 1STST, which raises skepticism about ruling out the
potential for a learning effect and reduces confidence in the reliability
finding. Moreover, the minimal important difference (MID) of 1STST
in patients with HF has not yet been established. Therefore, this
study aimed to expand on previous research by investigating the
reliability, MID, learning effect, and learning effect size of the 1STST
in patients with HF. The secondary objective was to confirm the
validity of the 1STST.

Methods

Ethics statement

This cross-sectional study was approved by the Ethics Committee at
University of Medicine and Pharmacy at Ho Chi Minh City with the
approval No.1016/HPDD-DHYD. All participants were
comprehensively informed about the protocol and provided written
consent. The data of this study was securely stored and accessible
only with proper authorization. All stages of the study were
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conducted following the Declaration of Helsinki and Clinical Good
Practice guidelines.

Participants

The patients with HF were recruited from November 2023 to July
2024. They were receiving outpatient treatment at Cardiology Clinics
of the University Medical Center Ho Chi Minh City and Vinmec Times
City International Hospital (Hanoi), Vietham. Inclusion criteria were
to be above 18 years old with diagnosed HF according to the 2021
ESC Heart Failure guideline 2% by cardiologists, clinically stable, and
able to provide informed consent.

Patients were excluded if they had recently experienced a cardiac
event within 1 month or if they had a medical record of cognitive
impairments or psychiatric disorders that could affect their
cooperation. Individuals with contraindications for weight-bearing and
walking, as confirmed by a primary care physician, were also
excluded. Additionally, participants were not included in the reliability
assessment if they experienced changes in their condition between
the two 1STST evaluations, such as acute exacerbation, changes in
HF classification, medication alterations, participation in a
rehabilitation program, or new comorbidities that could impact their
physical condition.

Protocol and measurements

During the first visit, demographic data and comorbidities were
collected. The participants' New York Heart Association functional
class (NYHA) and left ventricular ejection fraction (LVEF), obtained
within a month, were extracted from their medical records. The
1STST and 6MWT were performed in a randomized order, following
standard protocols 2°0-2%, To investigate the test-retest reliability, the
1STST was repeated within one month (1STST1 and 1STST2). All
tests were conducted by the same investigator in the same setting.
Participants who experienced changes in their health conditions,
such as medication modifications, shifts in their NYHA class, or any
concerns about changes in their health status reported by their
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primary care physician or themselves, were excluded from the
reliability analysis. Within a visit, the 1STST was performed twice (a
and b) to verify the learning effect. Participants were given at least 30
minutes of rest between the tests. The vital signs, including blood
pressure, heart rate, oxygen saturation, and Borg's scale, were
measured before and after each test.

The one-minute sit-to-stand test

None of the participants had prior experience with the 1STST. They
were instructed to sit on a standard chair (46cm in height) without
armrests, with their back against the chair, arms crossed on their
chest, and feet flat on the floor. They were familiarized with one full
cycle of standing up and sitting down. When the test began,
participants were asked to stand up fully and then sit down as many
times as possible in one minute, without using their arms for support.
The number of completed cycles was counted and recorded "0, The
1STST was performed twice (1STST1a and 1STST1b for the first
visit, 1ISTST2a and 1STST2b for the second visit). The test with the
greater number of repetitions was used for the test-retest reliability
and validity analysis.

The 6-minute walking test

The 6MWT was used to assess criterion validity. The test was
conducted in a 30m flat, level hallway with good lighting and a quiet
environment. The participants were instructed to walk with or without
walking assistive devices as far as possible within 6 minutes. The
distance was recorded 2%6. The 6MWT was performed once at the
first visit, as the patients were familiar with it from their routine follow-
ups.

Statistical analysis

The data analysis was performed using SPSS version 29.0.
Descriptive statistics were used to summarize the participants'
characteristics. The normality of the data was assessed using the
Shapiro-Wilk test 157,
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To determine the required sample size, the researchers calculated
an expected intraclass correlation coefficient (ICC) of 0.9, set a
minimum acceptable ICC of 0.75, and aimed for a power of 80% and
an alpha level of 0.05. Anticipating a 20% dropout rate, the final
sample size needed was 42 participants 2.

The test-retest reliability of the 1STST was examined using the ICC
with a two-way mixed, absolute agreement, single-measurement
model 2. The ICC values greater than 0.5 are deemed satisfactory,
values over 0.8 suggest the test has good reliability, and those above
0.9 are considered excellent 2. The level of agreement was
determined with the Bland-Altman plot to evaluate the consistency
between the best 1STST in the first and second Vvisits?3°. The linear
regression was performed to check for proportional bias 23°. The MID
was defined using the distribution-based method, calculated as MID
= 0.5 x SD of the change in the number of repetitions between the
two 1STST assessments performed during the separate visits 2. This
distribution-based approach provided an estimation of the smallest
change in 1STST performance that could be considered meaningful.
Besides, the minimal detectable change (MDC) was computed as
1.96 x SEM x 2 257, The SEM was calculated using the equation
SEM = SD x V(1 - ICC). The MDC represents the smallest change
that exceeds the measurement error, allowing for the assessment of
whether the MID is larger than the measurement error and, thus,
represents a true change.

The learning effect was evaluated using a paired t-test between two
performances within each visit. The effect size was calculated using
Cohen's d to determine the learning effect size 2%8. The effect size
was categorized as small, moderate, and large, with Cohen's d
values less than 0.2, between 0.2 and 0.5, and greater than 0.8,
respectively 259,

The criterion validity of the 1STST was confirmed with Spearman’s
correlation coefficients between the 1STST and the 6MWT 2. The
correlation is typically classified as low when r < 0.5, moderate when
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between 0.5 and 0.69, and high when 0.7 or greater 5. Additionally,
pre- and post-test physiological adaptation between 6MWT and
1STST were compared using a paired-sample t-test or Wilcoxon
signed rank test, based on the distribution of the variables with
statistical significance set at p<0.05.

Results

Demographic

Forty-seven participants who met the inclusion criteria completed the
6MWT and 1STST test during the first visit. Five patients missed their
follow-up appointment, one participant died due to coronary
thrombosis, and one experienced an exacerbation before the second
visit. In total, forty patients completed all the tests during the second
visit. The majority of participants were male (60%) with a normal BMI
(62%) (Table 1). The Shapiro-Wilk test revealed that the data for the
1STST and 6MWT were normally distributed (p > 0.05). No adverse
events were observed during or after the tests, apart from some
participants reporting leg fatigue and dyspnoea. The simplicity and
detailed instructions of the two tests resulted in high participant
compliance without any need for significant correction or repetition.
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Table 1. Characteristic of participants (n=47)

Demographics Value Minimum )
(Mean + SD) Maximum
Age (year) 66.0 + 10.1 39.0 - 86.0
Sex (n)
Male/Female 28/19
BMI (kg/m2) 23.7+3.6 15.1-33.7
NYHA classification
NYHA Il (n,%) 36 (77%)
NYHA IlI 11 (23%)
(n,%)
LVEF group (%)
HFrEF 11 (23%)
HFmrEF 9 (19%)
HFpEF 27 (58%)
6 MWT (m) 403.5 £ 96.0 181 -612
6MWT% predicted 83+18 48 — 141
1 STST1 (repetition) 29179 12-44
1STST % predicted 100 + 26 38 — 151
Comorbidities (n,%) 43 (94%)
Hypertension 24 (51%)
Diabetes 17 (36%)
Coronary artery 17 (36%)
disease
Lipid disorder 11 (23%)

n: number of subjects; BMI: body mass index; NYHA: New York Heart
Association; LVEF: left ventricular ejection fraction; HFrEF: Heart failure
with reduced ejection fraction; HFmrEF: Heart failure with mildly reduced
ejection fraction; HFpEF: Heart failure with preserved ejection fraction;
B6MWT: 6-minute walk test, 1STST: 1-minute sit-to-stand test
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Reliability

The mean number of the best 1STST repetitions was 28.9 + 8.1 on
the first visit and 29.3 + 8.2 on the second visit without significant
difference (p > 0.05), and the ICC between these two visits was 0.98
(95% CI: 0.96 - 0.99). Noticeably, the second administration was
constantly better in both visits. The SD and SEM of the difference in
repetitions between the best 1STST from the first and second visits
were 2.2 and 0.34, respectively. The Bland-Altman plot showed good
agreement, with a mean difference of 0.4 repetitions and limits of
agreement ranging from -3.8 to 4.5 repetitions between the two visits
(Figure 1). The linear regression model indicated no proportional bias
(p > 0.05). Based on the distribution-based approach, the MID and
MDC for the 1STST were estimated to be 1.1 and 0.94 repetitions,
respectively.
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Figure 1. The Bland-Altman plot for the two best 1-minute sit-to-stand
performances of each visit.
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Learning effect

There was a significant increase in 1STST repetitions from the first to
the second administration within each visit (p < 0.001). The effect
size was large, with Cohen’s d =1.24 for the first visit and 1.78 for the
second visit. (Figure 2)
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Figure 2. The difference in 1-minute sit-to-stand tests between the two
performances in each visit

Validity

The results demonstrated a strong correlation between the number of
1STST repetitions and 6MWT distance (rho = 0.74, 95% CI: 0.55 —
0.86; p < 0.001) (Figure 3). The pre-test heart rate, systolic pressure,
oxygen saturation, dyspnea, and fatigue levels were similar before
both tests. Moreover, the physiological adaptations observed during
the 1STST1 and 6MWT were comparable and not statistically
significant (p>0.05), as shown in Table 2.
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Figure 3. The correlation plot between the 6-minute walk test and the 1-
minute sit-to-stand test.
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Table 2. Pre and post-test physiological adaptation between 6MWT and 1STST (n=47).

Pre-test P Post-test APre-post test
6MWT 1STST 6 MWT 1STST 6MWT 1STST P
HR (bpm) 75.0+12.7 75.6£13.0 0.44 88.5+15.3 90.4113.4 13.5+7.4 14.8+8.6 0.257
SBP 111.7£1.4 112.0x14.7 0.54 122.2£15.3 124.7£15.5 10.5£9.4 13.417.3 0.07
(mmHg)
SpO02(%) 97.6£1.8 97.7+1.5 0.88" 97.8+1.9 97.9+1.5 0.2+1.4 0.2+0.9 0.957
Borg
0.1£0.2 0.1£0.2 1.07 1.57+£1.6 1.61+1.3 1.5£1.5 1.61£1.3 0.421
dyspnea
Borg
. 0.1£0.3 0.1£0.2 0.571 1.8%£1.3 1.91£1.1 1.7£1.3 1.9+1.1 0.10f
fatigue

6MWT: 6-minute walk test; 1STST: 1-minute sit-to-stand test; A: change from before to after test;

HR: Heart rate; bpm: beat per minute; SBP: systolic blood pressure; SpO.: Saturation of peripheral oxygen;

*: p value of paired T-test;
T: p value of the Wilcoxon signed-rank test.
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Discussion

This study examines the reliability and the learning effect of the
1STST in the time in patients with HF. To our knowledge, this is the
first study on test-retest reliability of the 1STST between two
separate visits in CHF with an ICC of 0.98 52, This is slightly better
than previously reported by another study (ICC = 0.93) 25'. However,
in the mentioned study, the reliability of the 1STST was assessed on
the same day, with two test administrations performed 30 minutes
apart %', This relatively short interval may not be sufficient to fully
evaluate the reliability from a clinical and methodological perspective
2260 The method of the Bland-Altman plot highlighted a small
systematic error of 0.38 repetition between the two visits 2. The
random error ranged from -3.8 to 4.5 repetitions. The small
systematic and random error may have been attributed to conducting
two performances per visit, which allowed participants to anchor their
performance and reduce the learning-effect variability associated
with the test. Moreover, we observed no proportional bias,
suggesting that the reliability of 1STST was not affected by the
number of repetitions 2%'. Those results are consistent with the
evidence from other populations 9.

The distribution-based determination of the MID 2 estimated a
difference of 1.1 repetitions, which, from a clinical perspective, could
be rounded to 2 repetitions. The result suggests that even small
changes in performance on this measure may be clinically
meaningful in patients with HF. Additionally, the MID exceeds the
observed MDC, suggesting that the MID can reliably detect the true
change. The MID observed in this study is relatively similar to that
reported for the Chronic lung disease population 148163 However, the
MDC of our study was lower than a previously suggested MDC of
3.79 repetitions in the same patient group 2%'. The smaller MDC
observed in our study was due to the higher ICC, which
mathematically reduced the SEM, thus the MDC. Although the
distribution-based method used to estimate the MID is commonly
employed, it lacks the strong theoretical basis of anchor-based
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methods, which directly assess the patient's perspective for a
meaningful change 262, Therefore, the application of MID in this study
in clinical practice should be cautious.

This study reported the learning effect associated with the 1STST of
2 to 3 repetitions between the first and second administrations,
realised 30 minutes apart on patients having no experience of
1STST. This result contradicts a previous study 2°'. In addition,
Cohen's d exceeded 0.8 in both visits, indicating a large learning
effect size. The discrepancies between our results and the previous
study 2°' may be attributed to the subjects' prior familiarity with the
test before participating in the referenced research. Indeed, a
learning effect has also been reported in other populations in
previous studies using the 1STST 253 and other functional tests like
the BMWT 264, While the progression of this learning effect over time
remains unknown, our findings suggest that administering the 1STST
twice is necessary to capture the patient's true functional exercise
capacity.

Furthermore, our findings confirmed that the 1STST is a valid
measure for assessing functional exercise capacity in this population.
The strong correlation between the 1STST and the 6MWT, along
with the 95% CI of the correlation being larger than 0.5, suggests that
the 1STST is an alternative method for assessing functional exercise
capacity in this population, aligning with supportive evidence for the
1STST in other populations %0, Additionally, fatigue and dyspnoea
level scores were also well correlated to 1STST (Table 2). These
findings are consistent with a previous study 2°', which also reported
similar physiological responses between the 1STST and 6MWT.
Nevertheless, it has been suggested that the shorter duration of the
1STST, which is less than the recommended minimum of 3 minutes
needed to stabilize heart rate 255, may limit the ability to reflect
chronotropic competence 2%6. However, as Tanriverdi et al.'%, we
observe similar HR responses between both tests. This rapid
increase in HR could be related to higher exercise intensity during
the 1STST, which relates indeed more directly to lower body strength
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and muscle function 267. This could moreover partially explain the
lower mean sit-to-stand performance for patient performing similar
B6MWD, as their patients presented with higher BMI than ours '°. The
1STST is then probably complementary to the 6MWT, which also
involves integrated assessment of cardiovascular, respiratory, and
musculoskeletal systems. Therefore, the 1STST may provide a more
targeted evaluation of functional exercise capacity related to lower
extremity strength, which are other important factors predicting
survival rate and incident risk in patients with HF 268269 Thuys, the
1STST can be a useful tool in rehabilitation programs for patients
with HF, allowing for a more focused assessment and targeting of
lower extremity function, which is crucial for improving functional
exercise capacity and overall outcomes in this population 27°.

Study Limitations

This study has several limitations. First, this study only included
patients with NYHA class Il and Ill who exhibited high predicted
performance on 6MWD and 1STST. This may restrict the
generalizability of the findings to patients with more advanced HF,
who could display different feasibility and reliability characteristics for
the 1STST. Another limitation is the lack of a comprehensive
assessment of other important functional outcomes, such as health-
related quality of life, activities of daily living, and muscle strength,
which could have provided a more complete evaluation of the validity
of the 1STST 137251,

Conclusion

The 1STST is valid and reliable for the assessment of functional
exercise capacity in patients with HF. The learning effect of 1STST
requires performing at least two trials to capture the true functional
capacity in patients with HF during each visit.
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Chapter 3: Translation, Validation, and Reliability Investigation
of Questionnaires in Viethamese.

In clinical practice, many outcomes are obtained via questionnaires
due to the indirect nature of assessment for constructs such as
quality of life, child development, or aspects of psychology. To
ensure the accuracy and cultural relevance of research and clinical
assessments in the new language, the cross-cultural validity and
reliability of questionnaires must be rigorously evaluated. This
process typically involves translation, adaptation, and validation to
ensure that the questionnaire accurately captures the intended
constructs within the specific cultural context. In Vietnam, the
accessibility of valid and reliable questionnaires for physiotherapists
is limited. Therefore, it is essential to increase the availability of
questionnaire assessments in Vietnamese, which may improve the
quality of rehabilitation services in Vietnam. Our project chose two
questionnaires to investigate: the Paediatric Evaluation of Disability
Inventory and the Nijmegen Questionnaire for hyperventilation.
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Version of the Paediatric Evaluation of Disability Inventory
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Abstract

Background: To translate and investigate the validity and test-retest
reliability of the Vietnamese Pediatric Evaluation of Disability
Inventory (VPEDI).

Methods: The PEDI was translated and adapted following
established guidelines, including forward translation, reconciliation,
and back translation. Content validity was assessed by expert panels
and the Iltem-Content Validity Index (I-CVI), Universal Agreement
among experts Scale-Content Validity Index (S-CVI/UA), and the
Average CVI (S-CVI/Ave) were calculated. The Kappa statistics
tested the level of agreement among content experts. The face
validity was assessed by determining the percentage of each level of
the rating of easiness of understanding as rated by 32 caregivers. A
total of 446 Vietnamese children aged 6 to 90 months were recruited
to assess the normal raw scores by administering the Vietnamese
PEDI. From this total, 50 children were evaluated twice within two
weeks to examine the test-retest reliability of the vPEDI using
intraclass correlation coefficients (ICC) and Bland-Altman analysis.

Results: The vPEDI required minor modifications to be responsive to
the culture and typical daily activities in Vietham. The I-CVI for all
domains was above 0.8. The S-CVI/UA, and S-CVI/Ave for clarity
and relevance were from 0.78 to 0.98. Face validity ratings indicated
high understandability. The test-retest reliability of all domains was
excellent, with ICCs above 0.93.
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Conclusion: The vPEDI is a valid and reliable tool for assessing
functional abilities in Viethamese children. Healthcare providers can
use the vPEDI to set individual goals and guide intervention
strategies for contexts and environments relevant to Vietnam.

Keywords: Cross-culture, Validity, reliability, Pediatric Evaluation of
Disability Inventory, norm values distribution.

Introduction

Childhood disability and developmental delay demonstrate an
increasing trend globally, affecting nearly 240 million children 27*. In
middle-income countries like Vietham, as the neonatal survival rate
increases, the rate of childhood disability has also increased 272273,
Vietnamese neonatal disability rates have increased, reaching
37/1000 live births 274 and a significant number of children are living
with various disabilities that impose a heavy burden on families,
society, and the healthcare system 275276 There is a need to
determine the most effective and targeted interventions, which will
require comprehensive, practical, and culturally relevant assessment
tools, to support children with disabilities (CWD) and their families 277.
Relevant assessment measures can provide valuable insights into
the current functional abilities of children, informing and guiding
intervention strategies to help children and their families achieve
individualized goals within the context of their homes and
communities 278280 Unfortunately, there are limited standardized
assessment tools that fully assess the capacities of Vietnamese
children, leading to inconsistencies in the identification of children
with developmental delays and potentially impacting the delivery of
critical rehabilitation services. Without reliable and culturally relevant
assessment tools, interventions and support for children with atypical
development and their families may not be adequately tailored to
their specific needs or provided in a timeframe to maximize a child’'s
overall potential.

Among the popular assessment tools, the Pediatric Evaluation of
Disability Inventory (PEDI) is a widely used pediatric assessment due
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to the alignment with the framework of the International Classification
of Functioning, Disability, and Health %' and its comprehensive
examination of a child's activity performance, participation in daily
tasks, and the environmental factors that influence performance
282,283 Additionally, it offers normative scores for children ages 6
months to 7.5 years, as well as criterion-referenced or scaled scores
that can be used for children up to 18 years of age, enabling its use
across a wide developmental range 283284 The PEDI was developed
and standardized for children living in the United States (US), whose
living conditions, customs, and social behaviours differ from those
living in non-US cultures. However, the PEDI has shown good
reliability, validity, and responsiveness in cross-cultural variations,
which have successfully adapted items to fit the unique experiences
and contexts of children in many different countries 285-289, This study
aimed to translate and culturally adapt the PEDI for use with
Vietnamese children, and to investigate the reliability and validity of
the new Vietnamese version. A secondary objective was to explore
the distribution of scores across normative age groups of typically
developing Viethamese children aged 6 months to 7.5 years.

Method
Ethics statement

The study was approved by the Ethics Committee at the University of
Medicine and Pharmacy at Ho Chi Minh City (402/HDBD-DHYD).
The participants of the study were parents of children without
disabilities. The informed consent was explained to the participants
before participation. The study follows the Declaration of Helsinki and
Clinical Good Practice 2°°.

Participants

Using social networks and health stations, caregivers of typically
developing children ages 6 months to 7.5 years old without disability,
or delayed development, as determined by Vietnamese medical
professionals, were recruited from three regions of Vietnam
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(Northern, Central, and Southern). Researchers contacted the
participants and scheduled appointments after obtaining their contact
information. All assessments were conducted in the children's
homes. The sample size was determined following the COSMIN
guidance, requiring at least 30 caregivers for the face validity
assessment and 50 children for the test-retest reliability investigation
2. Additionally, the researchers conducted a prior power analysis,
which determined that at least 23 children per age subgroup were
needed to achieve the desired error rates. This was based on the
expected large effect size and a power of 80% for the normative
score 29", The sample was divided into 14 age groups, each
spanning 6 months, ranging from 6 months to 7.5 years of age,
consistent with the approach used in the original study 28. The
recruitment of participants continued until each age group reached
the minimum number of 23 children in each age subgroup.

Measurement: Pediatric Evaluation of Disability Inventory

The PEDI is a comprehensive assessment tool that examines a
child's functional capabilities, the level of independence, and the
extent of modifications required to perform functional activities in
three domains including self-care, mobility, and social function. The
Functional Skills Scale (FSS) assesses the child's performance
across these domains with 197 items related to self-care (73 items),
mobility (59 items), and social function (65 items), with dichotomous
scoring (unable/capable to perform the task). The Caregiver
Assistance Scale (CAS) measures the level of caregiver support
required for the child across the same three domains with 20 items,
using a Likert scale (0: total assistance required; 5: totally
independent). For the FSS and CAS, higher scores indicate a higher
level of performance in the respective domains. The Modifications
Scale (MS) focuses on the environmental adaptations needed to
support the child's function, with four discrete categories reported as
frequency counts (N: no modifications; C: child-oriented
modifications; R: specialized rehabilitation equipment; E: extensive
modifications). The separate scales can provide insight into the
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child's limitations and strengths across the three domains. Together,
these subscales provide a holistic understanding of the child's activity
performance, participation in daily tasks, and the environmental
factors that influence performance 223, The PEDI is scored through
either direct observation by a healthcare provider or caregiver
reports. Although the original PEDI design does not include the
calculation of overall summary scores for FS and CA, we chose to
calculate these scores to provide additional information about
children’s overall performance.

Protocol for Translation and Cross-Cultural Validity

Permission to translate the PEDI into Vietnamese was obtained from
the primary author of the original U.S. version of the PEDI prior to the
start of the study. The PEDI translation and back translation were
performed following the guidelines for the Process of Cross-Cultural
Adaptation of Self-Report Measures 2%2. The PEDI was translated
into Vietnamese by two translators skilled in both English and
Vietnamese. The first draft (V1) was synthesized after the review
process with two translators and one rehabilitation expert. Two new
and distinct translators conducted the back translation of V1. A
meeting was organized between the two translators who completed
the back translation and a rehabilitation expert to finalize the
translated PEDI (E1). The rehabilitation expert conferred with the two
translators to reach a consensus on the translation in case of
disagreement. The V1 and E1 versions were sent to a panel of 5
Vietnamese pediatric rehabilitation experts to assess the quality,
clarity, and relevance of the V1 version. The comments from this
expert panel were collected to determine any necessary
modifications for V1. Then, a separate and new panel of 5
Vietnamese pediatric rehabilitation experts assessed the content
validity of the modified V1 using a 4-point Likert scale (from 1: cannot
be used, not relevant/clear to 4: highly relevant/clear) 293294 All
experts were physicians and physiotherapists with at least five years
of experience. The last step of the translation involved
correspondence with a primary author of the original U.S. version of
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the PEDI to confirm and accept any modifications to the final version
of the Vietnamese PEDI (vPEDI).

To evaluate the face validity of the translated PEDI, a convenience
sample of at least 30 Vietnamese caregivers of typically developing
children aged 6 months to 7.5 years was recruited through a social
network, and the questionnaire was then sent via email 2°2. The
participants were asked to rate how easy each PEDI item was to
understand, using a Likert scale from 1 to 5 (with 5 indicating "very
easy to understand"). This process was crucial in demonstrating that
the translated and adapted VvPEDI was culturally appropriate,
understandable, and relevant to the intended population 2 and
parental feedback helped identify any issues or concerns with the
adapted vPEDI, enhancing its suitability for Vietnamese children.

Reliability

The test-retest reliability of the vPEDI was explored by administering
the PEDI assessment to 50 participants on two separate occasions,
with a two-week interval between the assessments. This approach
enabled an evaluation of the stability and consistency of the vPEDI
score over a brief period of time, ensuring the reliable administration
of the measure 2. This step involved a convenience sample of
families who volunteered to participate in this part of the study.

The distribution of scores across normative age groups investigation

To investigate the distribution of scores across normative age
groups, in addition to the 50 participants assessed for test-retest
reliability, a larger sample of children was recruited until at least 23
children were evaluated in each age group. The score was described
by mean and standard deviation.

PEDI assessment procedure

Two U.S.-trained pediatric therapists (one physical therapist, and one
occupational therapist) provided in-country PEDI training to all
Vietnamese assessment therapists. The vPEDI was administered by
therapists who completed this training and included three
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experienced Vietnamese physiotherapists and two Vietnamese
students in their final year of study in the field of rehabilitation. To
ensure reliable administration of the vPEDI, the Vietnamese
assessment therapists had to reach a predetermined level of
acceptable reliability with the U.S. trainers before conducting the field
assessments. Specifically, the Vietnamese assessors were required
to demonstrate 90% agreement with the U.S. trainers in individual
item scoring on three practice assessments before being permitted to
carry out the field tests independently. The assessment procedure
included structured interviews with each child’s caregivers to gather
information and direct observation of the child in their home
environments following the manual instruction of the original PEDI by
one assessor.

Data analysis

To investigate the content validity, we examined the proportion of
agreement on the relevancy of the items in each subscale, known as
the item content index (I-CVI), and the proportion of items for a
subscale that achieved a rating of 3 or 4, denoted as the scale-level
content index (S-CVI) 2%. For the item level content validity, 1-CVI
was calculated by dividing the number of experts rating the relevancy
of each item as level 3 or 4 by the total number of experts.
Assessments of each item using the I-CVI were made given the
guidelines that I-CVI > 0.79 indicates the item is appropriate, 0.7-
0.79 suggests the item needs revision, and < 0.7 implies the item
should be eliminated For the scale-level content validity, S-CVI was
rated by the Universal Agreement among experts (S-CVI/UA),
calculated by dividing the total number of items rated as valid content
by all experts by the total number of items, and the Average CVI (S-
CVI/Ave), calculated by dividing the sum of the I-CVIs for each item
by the total number of items. Assessments of the two S-CVI
measures were made using the guidelines that S-CVI/UA = 0.8 and
S-CVI/Ave = 0.9 indicate agreement among experts on the validity of
the content. To adjust for the chance agreement among experts, the
level of agreement was tested by the Kappa statistic, with the values
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> 0.74 being excellent, 0.6-0.74 being good, and 0.4-0.59 being fair.
The face validity was assessed by examining the percentage of
participants who selected each level on a scale of ease of
understanding 2.

We examined the test-retest reliability using the absolute agreement
intraclass correlation coefficient (ICC) 2%. The ICC ranges from 0 to
1, where ICC between 0.5-0.75 indicates moderate reliability, > 0.75
indicates good consistency, and > 0.9 suggests excellent reliability
152 The bias and limits of agreement were assessed with the Bland-
Altman plot 2%6. The agreement of the modification scale was
investigated with Cohen’s Kappa or weighted statistic 2°7. Descriptive
statistics were calculated on the raw score of each age group for
each scale. All analyses were conducted using the Statistical
Package for the Social Sciences (SPSS-IBM) software.

Result
Participants

Thirty-two caregivers took part in the face validity test. The vPEDI
was administered to a total of 446 typically developing Vietnamese
children (198 girls and 248 boys) with an age range from 6 months
(0.5 years) to 90 months (7.5 years) and a median age of 43 months.
From this total, 50 children were evaluated twice within two weeks to
examine the test-retest reliability. The majority of the families and
children resided in central and southern Vietnam.

The Vietnamese PEDI translation and cross-cultural validity

The Vietnamese PEDI translation went through a rigorous process to
ensure cultural appropriateness and relevance for the Vietnamese
population. The vVPEDI was modified based on feedback from a panel
of five Vietnamese pediatric rehabilitation experts, who assessed the
quality, clarity, and relevance of the initial Viethamese version. Their
comments were used to make necessary revisions. The final step
involved collaboration with one of the primary U.S. authors of the
original PEDI to confirm and accept any modifications to the resulting
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final Viethamese PEDI version. The modifications made to the
VvPEDI, as shown in Table 1, incorporated considerations of common
modes of transportation and culturally popular daily activities in
Vietnam to ensure the translated instrument was culturally relevant
and appropriate for the target population in all regions of the country.

Table 1. The modifications of the Viethamese PEDI

Domain Item The PEDI The Vietnamese PEDI
Self-care A. Food texture 2. Eats 2. Thirc an xay —
ground/lumpy Minced food
food
B. Use of utensils 9. Use aknifeto 9. S dung diia - Use
butter bread, cut  chopstick
soft food
|.Pullover/Front- 42. Puts on and 42. Mac va cdi ao
opening Garments  remove front- mé& & phia trwéec,
opening shirts, khong co khuy, khoa
not including - Puts on and
fasteners remove front-opening
shrits, not include
BUTTONS/ fasteners
43. Put on and 43. Mac va c&i do m&
remove front- & phia trwdre, cé khuy,
opening shirts, khoéa - Puts on and
including remove front-opening
fasteners shrits, include
BUTTONS/fasteners
Mobility C. Car transfers C. Cartransfers  C. Dichuyénvaovara

xe hoi/taxi/xe may - C.
Car/Taxi/Motorbike
transfers

E. Tub transfers

E. Tub transfers

E. Chuyén thé trong
bdn tdm/voi sen/chau
tam - E. Tub/Shower/
tub bath transfers
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Content validity

Results provide strong evidence of content validity. The clarity level
was excellent with S-CVI/UA > 0.8 and S-CVI/Ave > 0.9. 2% The
Relevance level was less robust with S-CVI/UA < 0.8, but S-CVI/Ave
was still > 0.9. 223 The I-CVI for each domain is shown in Table 2.

Table 2. Content validity estimates of Vietnamese PEDI

ltem Clarity Relevance
A I-cvVl  Pc K A I-cvi  Pc K

FSS- SC 5/5 1.00 0.03 1.00 5/5 1.00 0.03 1.00
FSS-M 5/5 1.00 0.03 1.00 5/5 1.00 0.03 1.00
FSS-SF 5/5 1.00 0.03 1.00 5/5 1.00 0.03 1.00
CAS-SC 5/5 1.00 0.03 1.00 5/5 1.00 0.03 1.00
CAS-M 5/5 1.00 0.03 1.00 5/5 1.00 0.03 1.00
CAS-SF 5/5 1.00 0.03 1.00 4/5 0.80 0.16 0.76
MS-SC 5/5 1.00 0.03 1.00 5/5 1.00 0.03 1.00
MS-M 5/5 1.00 0.03 1.00 5/5 1.00 0.03 1.00
MS-SF 4/5 0.80 0.16 0.76 4/5 0.80 0.16 0.76

S-CVI/UA = 0.89 S-CVI/UA =0.78

S-CVI/Ave = 0.98 S-CVI/Ave = 0.96

A: The number of experts rated the item as a 3 or 4 on a 4-point scale; I-
CVI: Item-content validity index; S-CVI: Scale-level-content validity index;
S-CVI/UA: universal agreement among experts; S-CVI/Ave is averages of
the item-level CVIis; Pc: Probability of chance agreement; K: Modified
kappa statistic coefficient; FSS-SC: Functional Skill scale-self-care; FSS-M:
Functional Skill scale-Mobility; FSS-SF: Functional Skill scale-social
function;, CAS-SC: Caregiver Assistance scale-self-care; CAS-M: Caregiver
Assistance scale-Mobility; CAS-SF: Caregiver Assistance scale-social
function.

The Face validity

Thirty-two Vietnamese caregivers of typically developing children
evaluated the face validity. No item was rated at levels 1, 2, or 3. In
summary, across all items, eight caregivers rated the vPEDI items at
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level 4 (25% - easy to understand), and 28 rated items at level 5
(75% - very easy to understand).

The test-retest reliability

Scores from all scales had high levels of reliability with ICC ranging
from 0.932 to 0.994. The ICCs of all domains of FSS and CAS were
excellent with all levels above 0.9 (Table 3). The Bland-Altman
method between the two assessments was reported in Table 4. The
effect size was investigated with the result of FSS-SC (d=0.45), FSS-
M (d=0.19), FSS-SF (d=0.36), total FSS (d=064), CAS-SC (d=0.54),
CAS-M (d=37), CAS-SF (d=0.33), and total CAS (d=0.88). For the
categorical MS, The Kappa (k) were good to excellent for all domains
(Table 5).

Table 3. Test-retest reliability for FSS and CAS

PEDI Domains ICC 95% CI
Functional skill scale

Self-care 0.982* 0.961-0,991
Mobility 0.994* 0.990-0.997
Social function 0.983 * 0.965-0.991
Caregiver assistance scale

Self-care 0.945* 0.877-0.973
Mobility 0.952* 0.916-0.972
Social function 0.932* 0.884-0.961

FSS: Functional Skill scale; CAS: Caregiver Assistance scale; ICC:
intraclass correlation coefficient, Cl: confident interval
* P<0.0001
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Table 4. Bias and Limit of agreement for test-retest reliability for FSS and
CAS

Limit of agreement Bias Upper Lower
Functional skill scale

Self-care -1.56 4.777 -7.897
Mobility 0.06 2.698 -2.578
Social function -1.04 3.92 -6
Total -2.54 6.448 -11.528
Caregiver assistance scale

Self-care -1.98 5.559 -9.519
Mobility 0 5.178 -5.178
Social function -0.28 4.685 -4.965
Total -2.26 9.962 -14.483

FSS: Functional Skill scale; CAS: Caregiver Assistance scale

Table 5. Test-retest reliability for the Modifications scale (Cohen’s Kappa)

Domains of Items

SM;‘:':'catw"s 1 2 3 4 5 6 7 8 Mean
Self-care 0.86 091 1 1 1 093 0.87 1 0.94
Mobility 089 1 1 079 1 1 1 095
Social function 1 1 1 1 083 _ _ _ 096

Normal value distribution throughout the age groups

The mean standard score of the PEDI for each 6-month age group is
presented in Table 6.
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Table 6. Distribution of raw score totals across age groups

Age n= Gender FSS-SC FSS-M FSS-SF FSS-total CAS-SC CAS-M CAS-SF CAS-total
groups 446 (F/M) (SD) (SD) (SD) (SD) (SD) (SD) (SD) (SD)
(years)

05-09 51 27/24 6.6 (3.7) 89(6.7) 5.7(4.0) (f;'g) 1.0(22) 26(3.7) 0.8(1.5) 4.4(6.8)

36.8 16.3 275

1.0-14 38 12/26 19.5 (7) (114) 16.7 (6.6) 73(19.7) 5.5 (5.7) 64 57 4.1) (13.5)
1.5-19 28 13/15 (?‘218) ?6406) 28.9(7.9) (129]736) 9.9 (6.2) (26262) (15005) (;1‘218)
20-24 3220 Jh b %863 (B Gl @ @n (s
25-20 3 2O oh @y 904 Qe e @ wp (69
s0-34 2 tens 29 U3 geey S 27 24 dmd 7
35-39 35 16/19 (67084) (58128) 52.5 (6.8) (116;37) (27912) ?3123) (23014) 80.8 (9.9)
40-44 27 12/15 ?7302) (525;) 54.8 (5.7) (1173?'23) (36079) ?2280) (22143) 84.1(9.9)
45-49 34 14/20 ?5385) (57412) 57.2 (4.4) (1173469) ;35152) ?1289) (232.'31) 86.2 (8.5)
50-54 25 10/15 ?5690) (564;) 56.6 (5.9) (11756.'39) ?62.;) ?2227) (230??) 85.8 (9.5)
55-59 36 14/22 (66763) f6670) 58.4 (5.6) (1184157) ?5500) ?2308) (23209) 91.7 (8.5)
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6.0-64 24 11/13 70.5 57.7

(2.4) (2.9)

68.0 56.9

65-6.9 27 12/15 (13.1) @.5)
72.1 56.7

70+ 23 8/15 (1.2) 78)

61.5 (2.2)

59.4
(10.8)

61.3 (1.8)

189.7
(4.8)
184.3
(27.9)
192.0
(8.6)

37.3
(3.7)
36.4
(8.9)
38.7
(2.8)

34.4
(0.9)
33.3
(5.4)
34.7
(0.6)

23.1
25 94869
225 92.3
(5.4) (19.4)

24 (1.3) 97.4(3.4)

The standard scores are presented as Mean (standard deviation)

FSS-SC: Functional Skill scale-self-care; FSS-M: Functional Skill scale-Mobility; FSS-SF: Functional Skill scale-social
function; FSS-total: Functional Skill scale-total score; CAS-SC: Caregiver Assistance scale-self-care; CAS-M: Caregiver
Assistance scale-Mobility; CAS-SF: Caregiver Assistance scale-social function, CAS-total: Caregiver Assistance scale-total

score; F/M: female/male
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Discussion

The Vietnamese version of the PEDI was translated and cross-
culturally validated through a rigorous translation, reconciliation, and
back-translation process 292, The vPEDI has been successfully
adapted to the unique culture and environment of Vietnam through
minor modifications. The newly adapted VvPEDI demonstrates
excellent content validity, as evidenced by the high I-CVI, S-CVI/UA,
and S-CVI/Ave scores 2. This result is not surprising due to the
strong content validity of the original PEDI 28, The vPEDI's
incorporation of culturally relevant activities and modes of
transportation provided a comprehensive evaluation of a child's
functional abilities within their everyday routines and environments.
This will enable early intervention programs and providers to deliver
services that are culturally responsive to the unique needs and
experiences of Viethamese children and their families.

The inclusion of Vietnamese families in determining face validity also
enhances the usability of the vPEDI. Since the PEDI uses a
structured parent interview format and clinical observations of the
child, it is crucial that the caregivers can comprehend the items of the
vPEDI 2%, Our study found the vPEDI to have excellent face validity,
with all caregivers rating the Vietnamese version as understandable
or easy to understand. The authors assured the vPEDI only included
activities that occur routinely in the Viethamese culture and avoided
the use of complex medical terminologies. The integration of
culturally relevant activities and modes of transportation further
contributes to the VPEDI's strong face validity and will support the
ability of rehabilitation specialists to accurately relate the results of
the assessment to essential life activities in Vietnam. The strong face
validity of the vPEDI has important implications for early intervention
programs in Vietnam. By ensuring the assessment items are
meaningful and understandable to Vietnamese caregivers, the vPEDI
can facilitate effective communication and trust between healthcare
providers and families, engaging a higher level of parent participation
during the assessment process. This, in turn, can lead to more
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engagement of families in early therapy services, support family-
centered care, and lead to more personalized goal-setting and
treatment plans that align with the child's and family's individual
priority needs 2%,

The test-retest reliability of the vPEDI was excellent, consistent with
findings from other studies that examined cross-cultural translations
of the PEDI 230 For FSS and CAS domains, the ICC of all
domains was higher than 0.9. The Bland-Altman analysis indicated a
low risk of systematic bias between the two administrations, with all
interval confidences of FSS and CAS containing zero 2301
suggesting clinicians can have confidence in vPEDI scores. Notably,
the mobility domain of CAS and FSSS demonstrated a low bias,
which was zero or extremely close to zero. This implies the vPEDI
can be very sensitive to distinguish changes in ambulatory skills in
children 392, which is similar to the result of a prior study 3%3. These
findings suggest the vPEDI can be a reliable tool for assessing
functional changes in Vietnamese children, which could elevate
current service delivery models by allowing clinicians to track
progress over time and make informed and more accurate decisions
about intervention strategies. The excellent test-retest reliability
across the domains indicates that the VvPEDI can be used
consistently to evaluate a child's functional abilities over time,
enabling healthcare providers to monitor their progress and adapt
treatment plans accordingly. While our study also reported the effect
size of the Bland-Altman analysis, we could not find other
comparable studies to compare these results.

The Kappa values indicated good to excellent agreement of the MS
across the two-time assessments 2°7. However, since the vPEDI was
administered to typically developing children, the majority of scores
for the MS domain were reported as "No Modification" or "Child-
oriented," with no families reporting the need for "Rehabilitation
Equipment" or "Extension Modifications". Therefore, caution is
warranted when using the MS to assess children with disabilities, as
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reliability is a characteristic of an instrument used within a specific
population 2.

Our study also reports the VPEDI raw scores for more than 400
typical developing Viethamese children, with caregivers as the main
respondents. This data provides estimated raw scores means and
standard deviations for each age group. Compared to the norm raw
scores from the original study 223, we found that Vietnamese children
under 1 year old had lower raw scores in FSS and CAS, while the
scores were comparable across the other age groups. This
difference may be attributed to the variations in caregiving practices
(i.e. feeding and eating, sleep positions, bathing, grooming, and play)
commonly observed in Viethamese culture during the first year of a
child's life, which could impact specific exposure to a broader range
of activities identified in the PEDI scales. Prior cross-cultural studies
have found that caregiving practices influence children’s
development with respect to developmental dynamics, the timing of
developmental milestones, developmental gestalts, and precursors
and consequences of developmental achievements 304.305,

Although a minor difference exists between scores of Vietnamese
children under 1 year of age versus Western counterparts, the age-
related trends observed in the vPEDI raw scores show a gradual and
consistent increase across the different age groups over time. This
pattern aligns with expectations, as one would anticipate children's
functional development to progress steadily with age. The increasing
raw scores across the age groups suggest the vPEDI effectively
captures this developmental trajectory within a population of typically
developing Viethamese children. This provides preliminary evidence
for the measure's ability to detect typical functional milestones in this
cultural context.

The study had several limitations. The majority of families and
children who participated in the study resided in central and southern
Vietnam, with only a few families who participated from the north.
This regional difference in lifestyle poses a potential risk to the
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generalizability of the normative raw scores, although this issue could
not be examined in the current study. Future studies with Rasch
analysis are needed to determine the overall stability of the
instrument and to develop best-fitting hierarchical models of
functional development. The next step is to study the vPEDI's
internal validity and item response pattern and to fully evaluate the
vPEDI's psychometric properties to strengthen the interpretation of
the caregiver-reported data 3%, The authors are currently examining
the Rasch item difficulty estimates and will consider similarities or
differences between U.S. and Viethamese cohorts as part of a
subsequent paper.

Conclusion

The vPEDI is a valid and reliable tool to assess the functional abilities
of Vietnamese children in the domains of self-care, mobility, and
social function. The newly validated vPEDI tool could be used in both
clinical practice and research to evaluate children with various
developmental delays and disabilities throughout Vietnam, and
healthcare providers can use the vPEDI to set individual goals and
guide intervention strategies for contexts and environments relevant
to Vietnam. It will be important to train current and future Vietnamese
practitioners about the VvPEDI to enhance the relevance and
applicability of this study’s findings. Future studies should continue to
explore the psychometric properties of the vPEDI and consider
studies of the VPEDI to evaluate children with various developmental
delays and conditions.
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Abstract

Introduction: The Nijmegen Questionnaire assesses
hyperventilation syndrome (HVS), but a validated Viethamese
version is lacking. This study investigates the cross-cultural validity,
structural validity, and reliability of the Vietnamese Nijmegen
questionnaire (VNQ) for screening HVS in primary healthcare
settings.

Methods: Following Beaton's guidelines, translation and adaptation
involved two independent expert panels for content validity.
Exploratory factor analysis (EFA)and confirmatory factor analysis
(CFA) examined the VNQ's structure. Reliability was assessed via
Cronbach's alpha, intraclass correlation coefficients, Bland-Altman
analysis, and linear regression.

Results: Content validity was excellent (all I-CVIs > 0.79 and all S-
CVis > 0.8). EFA revealed a four-factor structure, including the
original three NQ factors and a new "psychology" factor, confirmed
by CFA. Cronbach's alpha and ICC values exceeded 0.7 and 0.8,
respectively, indicating good internal consistency and test-retest
reliability. Bland-Altman analysis showed low systematic error, and
linear regression revealed no proportional bias (P > 0.05).

Conclusion: The VNQ demonstrates excellent content validity,
acceptable structural validity, and reliable psychometric properties for
HVS screening in primary healthcare settings.

Keywords: cross-cultural validity, hyperventilation, Nijmegen,
reliability, Vietnamese
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Introduction

Dysfunctional breathing significantly deteriorates health conditions
307 with hyperventilation syndrome (HVS) being the most prevalent
type. This latter manifests through a wide spectrum of symptoms
such as stress, depression, anxiety, chest pain, and light-
headedness, which collectively impair the quality of life (QoL) 308,
These symptoms are often variable, nonspecific, and overlap with
many other diseases, complicating the diagnosis process 3%°. The
physiological basis of these symptoms is believed to be a decrease
in arterial carbon dioxide due to excessive alveolar ventilation
exacerbated by psychological aspects such as anxiety, stress, and
anxiety-related problems 3'°. Despite its heavy impact on quality of
life (QoL) and an estimated prevalence of around 20% 3", HVS
remains an underrecognized condition. Enhanced screening is thus
essential for appropriate treatment and early rehabilitation 3%,
especially given the increased prevalence of HVS post-COVID-19
pandemic 312,

Traditionally, HVS diagnosis involves the exclusion of other organic
diseases, posing additional challenges to HVS screening 33
Moreover, HVS can occur in people without any underlying
disease3''. Delayed diagnosis can exacerbate symptoms of HVS,
leading to conditions such as tetany 3'4. Currently, there is no gold
standard for HVS diagnosis, but a combination of tools is
recommended, including the Nijmegen questionnaire (NQ), end-tidal
CO2 (PETCO2) measurement, holding breath test (HBT),
hyperventilation provocation test (HVPT), and cardio-pulmonary
exercise test (CPET) 37°.

The NQ stands out as a practical tool due to its simplicity and proven
validity 3'®. Compared to other tools, the NQ has several advantages.
The NQ is a simple questionnaire with only 16 items, reducing the
time required for assessment without incurring any costs.
Additionally, it can be self-administered by individuals with
hyperventilation syndrome. Moreover, the NQ has high sensitivity
(86% - 91%) and specificity (79% - 92%), depending on health
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conditions and cut-off threshold 3'7. Additionally, the NQ is suitable
for screening HVS in healthy populations 3'". Despite its proven
utility, the NQ has not yet been translated into Viethamese.

This study aims to translate the NQ into Vietnamese and to examine
its cross-cultural validity, structural validity, and reliability, enabling its
use for screening hyperventilation syndrome in primary healthcare
settings throughout Vietnam.

Methodology
Ethics statement

The study was approved by the Ethics Committee at the University of
Medicine and Pharmacy at Ho Chi Minh City (approval No. 1187
HDDD-DHYD). All participants were fully informed about the study
protocol and provided written informed consent. Participant
information will be stored securely and accessible only with a
password. All stages of the study were conducted following the
Declaration of Helsinki and Clinical Good Practice guidelines.

Participants

Participants were randomly recruited in the community and were
required to be literate in Vietnamese. All participants were over 18
years old and had the appropriate consciousness level to answer the
questionnaire.

The Nijmegen questionnaire

The NQ rates 16 HVS-related symptoms on a 5-point scale across
three factors: shortness of breath (ltems 1, 2, 6, 7, 8, 11, 15),
peripheral tetany (items 10, 12, 13, 14), and central tetany (items 1,
3, 4, 5, 9), with a total possible score of 64 38,

Translation and cross-cultural validity

The translation and cross-cultural validity of the NQ were conducted
following the COSMIN guidelines %2%, First, permission was obtained
from the original authors of the NQ, which is free to use without
copyright restrictions 3'6. Then, the translation and back-translation
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processes adhered to the guidelines for the Process of Cross-
Cultural Adaptation of Self-Report Measures 2°2. The NQ was initially
translated into Viethamese by two translators. A review meeting
involving these translators and an expert was held to synthesize the
Viethamese version of the NQ (V-NQ). The V-NQ was then back-
translated by two different translators. Experts reviewed both the
original and back-translated versions to create a synthesized back-
translated NQ (B-NQ). The V-NQ and B-NQ were reviewed by a
committee of five experts, whose feedback was used to finalize the
Vietnamese NQ (VNQ). A different panel of five experts subsequently
assessed the content validity of the VNQ. The clarity and relevance
of the VNQ were rated on a 4-point Likert scale (from 1: cannot be
used, not relevant/clear to 4: highly relevant/clear). Feedback from
the expert panel was collected and incorporated to refine the
translated version before final approval 293,

The face validity of the Vietnamese NQ was conducted with 30
participants 2. Participants rated the comprehensibility of the NQ from
1 (unable to understand) to 4 (easy to understand). Their feedback
was used to make further modifications to VNQ.

Structural validity

To examine the structural validity of the VNQ, exploratory factor
analysis was conducted to either confirm the original 3-factor
structure (shortness of breath, peripheral tetany, and central tetany)
or establish a new structure 3'6. This was followed by a confirmatory
factor analysis to assess the structural validity of the V-NQ using the
original or newly identified factor model 2.

Reliability

The internal consistency and test-retest reliability of the final VNQ
were evaluated with a sample of at least 50 participants 2. The VNQ
was distributed via email or Google Forms, and participants
completed the questionnaire twice within a two-week interval.
Participants also completed the 11-point Global Rating of Change
(GRC) during the second administration to detect any changes in
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health status. The GRC is a visual analog scale for recalling the
health status at different time points. Participants with a non-zero
GRC score were excluded from the reliability analysis 3'°.

Data analysis

Content validity was assessed using the item content validity index (I-
CVI) and scale-level content validity index (S-CVI) 3. The I-CVI was
calculated by dividing the number of experts rating an item as
relevant/clear (score 3 or 4) by the total number of experts 2%. An I-
ICV score greater than 0.79 is considered excellent, between 0.7 to
0.79 is average, and less than 0.7 is poor 2%, The S-CVI was
evaluated through two indices: Universal Agreement among experts
(S-CVI/UA) and Average CVI (S-CVI/Ave) 2. The S-CVI/UA is the
ratio of items with an I-CVI of 1 to the total number of items 2%,
Content validity is considered excellent if S-CVI/UA = 0.8, and S-
CVI/Ave 2 0.9 2%, The risk chance agreement was assessed using
the Kappa statistic, with values > 0.74 being excellent, 0.6-0.74
good, and 0.4-0.59 fair 2%,

The face validity of the Viethamese NQ was examined by having 30
participants rate the comprehensibility of the questionnaire.

The exploratory factor analysis was conducted using the Kaiser-
Meyer-Olkin (KMO) measure of sampling adequacy and Bartlett's
test of sphericity to confirm the assumptions 32'. The KMO value
assessed the sampling adequacy, while Bartlett's test evaluated the
presence of sufficient correlations among the items to proceed with
the factor analysis. The rotation of sums of squared loadings was
used to determine the total variance explained by each factor. Factor
loadings above 0.4 were considered acceptable.

The confirmatory factor analysis was performed to evaluate the
model fit of the VNQ, using indicators such as the Chi-squared,
Comparative Fit Index (CFl), Root Mean Square Error of
Approximation (RMSEA), and Standardized Root Mean Square
Residual (SRMSR). These model fit indices were assessed based on
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the COSMIN guidelines and general recommendations for CFA 2. For
the CFI, values of 0.95 or higher are considered to indicate good
model fit, while values between 0.90 and 0.95 suggest adequate fit,
and below 0.90 indicates poor fit 322, For the RMSEA, values of 0.05
or lower suggest a good model fit, and values up to 0.08 are
considered acceptable 3?2, Values above 0.10 indicate poor fit. For

the SRMSR, values of 0.08 or lower are considered a good model fit
322

The internal consistency of each exploratory factor was evaluated
using Cronbach's Alpha 323, An alpha value above 0.7 indicates
acceptable internal consistency 323.

Test-retest reliability was analyzed using a two-way mixed-effects
absolute agreement intraclass correlation coefficient (ICC) 324, The
ICCs were calculated for the total score as well as for the confirmed
factors. An ICC above 0.5 is considered acceptable, above 0.8
indicates good reliability, and above 0.9 is excellent 52, To assess
bias and limits of agreement, a Bland-Altman plot was utilized 2%.
Proportional bias was further investigated using linear regression 1%°.

The statistical analyses were performed using SPSS software, while
the confirmatory factor analysis was assessed using AMOS software
(IBM Corp. Released 2023. IBM SPSS Statistics for Windows,
Version 29.0.2.0, Armonk, NY: IBM Corp).

Results
Participants

A total of 82 participants (40 females and 42 males) were recruited
for the study. None reported any cardiopulmonary or health issues
within the preceding 6 weeks. Thirty participants were involved solely
in the face validity investigation. Fifty-five participants were recruited
to investigate test-retest reliability, but three participants were
excluded due to changes in the GRC score, leaving 52 participants
for the reliability assessment. Participants’ ages ranged from 24 to 59
years.
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Translation

A free translation method was suggested for the “feeling tense” item,
to describe a stuffy feeling in Vietnamese. The expert panel
recommended removing “deeper” from the “Faster/Deeper breathing”
item to avoid possible confusion with the “unable to breathe deeply”
item. The VNQ was ultimately accepted (supplemental table).

Content validity

The content validity of the VNQ was found to be excellent overall
(Table 1). The clarity I-CVI for the “Feeling tense” item was poor
(0.4), while all other I-CVIs for clarity and relevance were above 0.79.
All items' modified Kappa statistic coefficient was above 0.74, except
for the clarity of the “Feeling tense” item (0.37). All S-CVIs were
above 0.8.

Face validity

Thirty participants rated the ease of understanding of the VNQ. None
rated it at levels 1 and 2. Seven participants (23%) rated it at level 3,
and 23 participants (77%) rated it at level 4.
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Table 1. The content validity of the Vietnamese NQ

ltem Clarity Relevance

A IcVi Pc K A IlCVI Pc K
Chest pain 55 100 003 100 55 100 003 1.00
Feeling tense 2/5 04 005 037 4/5 080 016 076
Blurred vision 55 100 003 100 55 100 003 1.00
Dizzy spells 55 100 003 100 55 100 003 1.00
Feeling confused 55 100 003 100 55 100 003 1.00
Faster breathing 55 100 003 100 4/5 100 003 1.00
Short of breath 55 100 003 100 55 100 003 1.00
Tightfeelingsinthe oo 465 003 100 55 100 003 1.00
chest
Bloated feelinginthe  ,.x 80 016 076 4/5 080 016 0.76
stomach
Tingling fingers 55 100 003 100 55 1.00 003 1.00

Unable to breathe
deeply
Stiff fingers or arms 5/5 1.00 0.03 1.00 5/5 1.00 0.03 1.00

Tightfeelings around 5o 4 0 003 100 55 1.00 003 1.00

5/5 1.00 0.03 1.00 5/5 1.00 0.03 1.00

the mouth

Cold hands or feet 5/5 1.00 0.03 1.00 5/5 1.00 0.03 1.00

Palpitations 5/5 1.00 0.03 1.00 5/5 1.00 0.03 1.00

Feelings of anxiety 5/5 1.00 0.03 1.00 4/5 1.00 0.16 0.76
S-CVI/UA = 0.88 S-CVI/UA =0.88
S-CVI/Ave = 0.95 S-CVI/Ave = 0.98

A: The number of experts rated the item as a 3 or 4 on a 4-point scale; I-CVI: Iltem-
content validity index; S-CVI: Scale-level-content validity index; S-CVI/UA:
universal agreement among experts; S-CVI/Ave is the average of the item-level
CVis; Pc: Probability of chance agreement; K: Modified kappa statistic coefficient.
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Structural validity

The Kaiser-Meyer-Olkin measure of sampling adequacy had a value
of 0.795, and Bartlett's test of sphericity was statistically significant (p
< 0.001), indicating that the assumptions were met to proceed with
the exploratory factor analysis. The eigenvalues suggested the
presence of four factors. Accordingly, the researchers proposed
adding a "psychology" factor as a fourth latent factor for the VNQ,
besides the three original factors. For each latent factor, any items
with a factor loading below 0.4 were removed. The total variance
explained by each factor and the rotated component matrix are
presented in Table 2.

The structural validity of the VNQ was evaluated using confirmatory
factor analysis, as presented in Figure 1. Based on the four-factor
structure established with EFA, the results showed that the factor
loadings ranged from 0.31 to 1.72 for the shortness of breath factor,
0.90 to 1.49 for the peripheral tetany factor, 0.24 to 1.50 for the
central tetany, and 0.26 to 1.00 for the psychology factor. The model
fit indices suggested that the model fit the data well, with a Chi-
squared of 104.6 (p = 0.2), CFI of 0.96, RMSEA of 0.04, and SRMSR
of 0.0785.
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Table 2. Rotated Factor Matrix with Kaiser Normalization and Variance

explained for each factor

Rotated Factor Matrix 2

Factor
ltems Short Peripheral Central
tetany tetany Psychology
breath
11 Unable to breathe deeply 0.815 NA NA NA
6 Faster breathing 0.783 NA NA NA
7 Short of breath 0.522 NA NA NA
2 Felling tense 0.500 NA NA 0.482
15 Palpitations 0.482 NA NA 0.504
5 Feeling confused 0.420 NA 0.476 NA
12  Stiff fingers or arms NA 0.738 NA NA
13 Tight feelings around the mouth NA 0.706 NA NA
10 Tingling fingers NA 0.624 NA NA
8 Tight feelings in the chest NA 0.612 NA NA
14  Cold hands or feet NA 0.608 NA 0.404
1 Chest pain NA NA 0.818 NA
3 Blurred vision NA NA 0.787 NA
4 Dizzy spells NA NA 0.560 NA
9 Bloated feeling in the stomach  NA NA NA 0.833
16  Feelings of anxiety NA NA NA 0.784

Rotation Sums of 7 Variance explained

Squared

17.618 16.602

14.736 14.078

Loadings Cumulative %

63.034

Extraction Method: Principal Factor Analysis.
Rotation Method: Varimax with Kaiser Normalization. a

a. Rotation converged in 6 iterations.

170



y 0,.34
Q)
1 0,.36
€2
; 0,.27
€3
. 0,.31
€9
0,.21
€2
0,.18
€9
; 0,.39
€7
[ ) - 0,38
.\~w item 10}t———(9)
14 \v 42 0, .21
\,v ‘ ltem 12}t———@9)
29 . 0,.20
ltem 13 €10
1.12 y 0, .84
S ltem 14 £1)
entral tetany e 35 0. 39
7 :
R —
1.1 1.06 0, .27
\ 0 Item 3 ! £1)
/ 1.08 0, .45
1.00 ltem 4 ! £12
- 1.33 0, 27
2 ltem 9 e
1.54 0, 52
ltem 16 ! £19

Figure 1. Structural validity for the Vietnamese Nijmegen questionnaire with
four factors solution.
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Reliability

The internal consistency and test-retest reliability of the VNQ were
evaluated using data from 52 participants. The Cronbach’s Alpha
value for the total score and the individual factors were all above 0.7
(Table 3), indicating good internal consistency. The correlation
between each factor and the total score exceeded 0.8.

The test-retest reliability analysis revealed statistically significant
ICCs above 0.8 for the total score and factor scores, suggesting
good reliability (Table 3). The Bland-Altman analysis showed a bias
ranging from -0.58 to 0.08 for the total and factor scores (Table 4,
Figure 2). The standard error measurement (SEM) was reported as
0.61 for the total VNQ, 0.29 for shortness of breath, 0.26 for
peripheral tetany, 0.24 for central tetany, and 0.24 for psychology.
Linear regression analysis demonstrated no proportional bias, with all
p values above 0.05 (Table 4).

Table 3. Internal consistency and Test-retest reliability for the VNQ

Correlation Cronbach’s ICC 95% IC
a

Total 0.89 0.93* 0.87 - 0.96
Shortness of 0.89 0.82 0.91* 0.84 -0.95
breath

Peripheral tetany 0.82 0.74 0.87* 0.77-0.92
Central tetany 0.78 0.75 0.85* 0.74 -0.92
Psychology 0.89 0.80 0.93* 0.89 - 0.96

VNQ: Vietnamese Nijmegen questionnaire
*: p value < 0.001
ICC: Intraclass Correlation Coefficient, IC: Interval Confidence
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Table 4. Bias and Limit of agreement for test-retest reliability for VNQ

Limit of agreement Bias Upper Lower P-value of linear
regression

Total -0.58 8.1 -9.2 0.54

Shortness of breath 0.08 4.20 -4.04 0.22

Peripheral tetany -0.31 3.43 -4.05 0.10

Central tetany -0.23 3.14 -3.60 0.10
Psychology -0.40 3.00 -3.80 0.65

VNQ: Vietnamese Nijmegen questionnaire

...... H

the VNG total score

Difference in

......

Figure 2. The Bland-Altman plot of total and factor scores for VNQ. Solid
lines represent the bias mean. Upper and Lower dashed lines represent the
upper and lower limits of agreement. VNQ: Vietnamese Nijmegen

questionnaire
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Discussion

Due to the unavailability of gold measurements for HVS 319315 and
the lack of guidance for HVS diagnosis in Vietham, this study
investigated the cross-cultural (content, face) and structural validity.
The translation process of the VNQ strictly adhered to Beaton's
guidelines. This study employed two independent expert panels: one
to collect opinions and modify the VNQ, and another to investigate
content validity. Based on the first panel's recommendations, minor
changes were made to the questionnaire. The second expert panel
then evaluated the content validity. This approach enhanced the
objective assessment of content validity.

The content validity results indicated an excellent corresponding
index. Only the "feeling tense" item had a poor |-CVI for clarity, while
the other I-CVIs were excellent in both clarity and relevance 2°3. The
overall content validity of the questionnaire was excellent, with both
S-CVI/UA and S-CVI/Ave for clarity and relevance above 0.8 and 0.9,
respectively 2. Compared to a critical review of the Nijmegen
questionnaire, our study reported better content validity than the
original study 32°. This may be due to a better understanding of HVS
and the NQ. This study also reported good face validity, with all the
participants rating the VNQ as understandable or easy to
understand. According to our search, this is the first study to report
face validity through an easy-to-understand level from a target
population. This result was not surprising since the questionnaire
only included symptom listing without any complex medical
terminologies or ambiguous sentences.

The EFA results showed that the hypothesized 3-factor structure of
the original NQ was not replicated in the VNQ. The result suggested
the presence of a fourth latent factor. This fourth factor included 5
explained items (Feeling tense, Bloated feeling in the stomach, Cold
hands or feet, palpitations, and Feelings of anxiety), which the
researchers named the "psychology" factor. The new factor finding is
not surprising considering that HVS is commonly accompanied by
psychological symptoms such as anxiety and panic 3%6. This finding is
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supported by another study that also detected new factors compared
to the original version 3?7, suggesting the cross-cultural adaptations
of questionnaires may reveal new factors that better fit the target
population. Additionally, the cumulative explained variance was 64%,
higher than that reported in two validation studies of the NQ for
patients with asthma (54% to 58%), potentially attributable to the
influence of the disease characteristics 327328, The results of the CFA
showed that the four-factor model, consisting of the three original
factors of the NQ (shortness of breath, peripheral tetany, and central
tetany) and an additional "psychology" factor, provided a good fit
model to the observed data for the VNQ. The factor loadings for the
four factors were acceptable 322. The model fit indices, including a
Chi-squared, CFI, RMSEA, and SRMSR, all indicated a good fit for
the model 322, supporting the 4-factor structure of the VNQ.

The reliability analysis showed excellent results, with very high
Cronbach’s Alpha values for total score and factor scores. All factor
values exceeded the acceptable level of 0.7, and the total score was
good (> 0.8) 323, This study reported similar internal consistency
results to the original study 3'8, though the high number of items
raises the potential risk of high-value bias 2.

This study also reported excellent ICC values for absolute agreement
for the total score and good ICC values for each factor %2, The
results were comparable to another study 3%°. To enhance the
accuracy of the reliability assessment as required by the COSMIN
2298 the study used the GRC despite the potential risk of "recall bias"
associated with this method 3. The Bland-Altman analysis
demonstrated a low systematic error, with biases of -0.58 for the total
score, 0.08 for shortness of breath, -0.31 for peripheral tetany, -0.23
for central tetany, and -0.4 for psychology. The random errors were
relatively wide for the total score (-9 to 8), and narrower for each
factor, suggesting a cautious interpretation of VNQ total score
changes in the healthy population. The Bland-Altman plots indicated
that the increased mean difference does not change the test-retest
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difference 2%. Additionally, the statistically non-significant result of
the linear regression analysis rejected a proportional bias 2.

This study employed a rigorous methodology, featuring two expert
panels for assessing content validity. Furthermore, the structural
validity analysis identified a new latent psychological factor,
potentially improving targeted interventions for individuals with HVS.
The study also applied control tests when assessing reliability,
enhancing confidence in the results. However, the small sample size
limited conclusions about parameter estimates and construct validity.
Additionally, the study was conducted on participants without
reported health issues, so caution is warranted when applying the
VNQ to other populations, such as those with asthma or other
chronic lung diseases.

Conclusion

The VNQ has excellent content validity, as shown by the thorough
translation process and two expert panels evaluating the
questionnaire items' clarity and relevance. The study also found the
VNQ has acceptable structural validity, with a four-factor model fitting
the data well and including an additional "psychology" factor not in
the original Nijmegen Questionnaire. This suggests the VNQ may
better capture Hyperventilation Syndrome's complexity. Additionally,
the VNQ has reliable psychometric properties, with high internal
consistency and test-retest reliability, indicating a consistent
measurement. These findings make the VNQ a valuable tool for
primary healthcare providers in Vietnam to effectively screen and
identify individuals with Hyperventilation Syndrome, a crucial step in
delivering targeted interventions and improving patient outcomes.
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Chapter 4: General discussion and future studies

Three years ago, | began my thesis, driven by the central question of
how to improve physiotherapy services in Vietnam. It quickly became
clear that to be effective, physiotherapists must possess a strong
understanding of their objectives and the rationale behind their
interventions. This requires a clear understanding of the patient's
current condition, the ability to track progress methodically, and the
capacity to adapt intervention plans appropriately; assessment,
therefore, plays a critical role. Moreover, a thorough assessment can
lead to improved clinical reasoning, empowering therapists to tailor
treatment plans to the individual conditions and expectations of their
patients. Thus, investigating and adapting excellent available
assessment tools was the main aim of the thesis from the very
beginning. However, when | was introduced to the field of medical
measurement, | was surprised to find that it is not as straightforward
as it appears.

Tailored
treatment

Assessment role in Physiotherapy
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First, the validity of an assessment is highly context-specific; an
assessment that works excellently in one population may be
inappropriate in a different one 33°. For instance, questions about
walking capacity can be valuable for assessing the quality of life in
individuals with stroke, but may not be meaningful for individuals with
gastroesophageal reflux due to the difference in health impairment
between the two populations. Another example is how we can ensure
that a list of activities evaluates a child's development, considering
that development is a brain-learning process requiring experiential
exposure, which can vary tremendously across cultures 3%. The
overprotective nature in Asian countries, for example, can delay
development compared to Western countries, where children are
encouraged to be independent from a young age 33'. Secondly, due
to the error inherent in measurement and the natural variability of
patients, interpreting assessment outcomes is not always
straightforward or certain. If a change happens, how can we interpret
whether it is a true change due to the impact of interventions or
merely measurement error? Considering that a measurement result
can be influenced by many factors, such as the environment, the
assessor’'s experience, the patient’'s motivation and concentration,
equipment conditions, medication usage, and the time of day that the
assessment is given. These factors can introduce systematic or
random errors into the measurement process, affecting the reliability
of the results 2°8. The potential for erroneous measurements to cause
medical errors and adverse events presents challenges in clinical
practice 332, Fortunately, the science of validity and reliability was
introduced to mitigate error and improve accuracy. However,
identifying the minimal detectable change and the minimal clinically
important difference is crucial for accurately interpreting changes in
patient status and ensuring that detected improvements are both
statistically significant and practically meaningful. Surprisingly,
determining true changes is not easy, especially given the inherent
variability in human performance and the contextual influences on
task execution. This complexity is further compounded by diversity
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and disagreement in methodology and statistical techniques
employed across studies to establish these thresholds. For example,
distribution-based methods alone have more than five ways to
calculate, leading to confusion, and the inconsistent application of
these methods hampers the establishment of universally accepted
thresholds for MDC and MID. Another issue in assessment is the
lack of reference norms for different ethnicities, particularly in low-
and middle-income countries, which is due to limited research
capacity. Without reference norms, some assessment tools may
become less useful. For instance, the same spirometry result
obtained from a Vietnamese individual and a Caucasian individual
with the same height, age, and gender may have different
implications. However, if the same reference range, which has not
been investigated in Vietnamese populations, is used, the
Vietnamese individual might receive the same medical treatment,
which could be unnecessary or even harmful. Thus, this thesis
represents a modest step towards enriching the assessment tools for
physiotherapists in Vietnam, based on the medical measurement
science.

Respiratory assessment is one of the areas this thesis addresses.
The respiratory system requires harmony between the lungs, the
mechanical pump, and the central control to maintain optimal
function. However, in Vietnam, physiotherapists often overemphasize
the mucus in the management of respiratory disorders, while the
central control and mechanical pump receive inadequate attention. In
2024, a survey investigated the existing clinical practice in respiratory
physiotherapy in Vietnam, revealing that most responses focused on
concerns about mucus retention without mentioning the respiratory
muscle. This discrepancy highlights the need for a more holistic
approach to respiratory physiotherapy, one that considers all
components of the respiratory system. To address this gap, a study
was conducted to investigate respiratory muscle norms and establish
predictive values for MIP, MEP, and SNIP, aiming to create an initial
database for respiratory muscle assessment, to be followed by
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targeted training. However, given that predictive values are
influenced by physical condition, a revisit study should be conducted
every 10 to 20 years to update the predictive equation, taking into
account improvements in  physical condition  alongside
socioeconomic development. For instance, according to the Ministry
of Health, there have been dramatic increases in the average height,
a predictive variable, and overall nutrition of Viethnamese individuals
in the last 20 years.

After completing a study on predicting values for MIP, MEP, and
SNIP, we realized that while we have established a necessary
reference norm, a sufficient condition - standardized equipment for
measuring respiratory pressure - remains limitedly accessible in
Vietham and potentially other low-income countries. This barrier
sparked a desire to find an alternative method, particularly for
inspiratory muscle assessment and training, given its prominent role
in current literature. Consequently, we tested the idea of using the
Borg CR10 scale to identify IMT intensity and estimate MIP, with
encouraging results for using the Borg CR10 scale as an alternative
method in healthy subjects. This new approach diversifies assessing
and training options, therefore, enhancing accessibility to IMT in
various settings. This is especially relevant in low- and middle-
income countries where access to gold-standard equipment is
challenging. However, these results cannot yet be extrapolated to
other populations, particularly individuals with dyspnea symptoms
that could impair their perception of exertion, such as persons with
COPD or HF. Further studies employing the same protocol should be
conducted across different populations to validate these findings.

Another tool investigated in this thesis is the 1STST, which was the
subject of two studies. The first study, focusing on the application of
the 1STST in individuals with heart failure, revealed that a difference
of 2 repetitions can serve as a minimal important difference for a
quick evaluation of exercise capacity in this population. Considering
the context of persistent hospital overload in Vietham and a
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healthcare worker-to-habitat ratio of approximately 10 per 10,000,
clinical implementation could be significantly impacted. Notably,
exercise capacity is a reliable indicator for predicting hospitalization
and mortality in this population, potentially empowering persons with
HF to easily self-monitor their exercise capacity. In scientific terms,
these findings offer a valuable reference point for determining sample
sizes in future clinical trials. An ambitious study predicting mortality
and hospitalization using the 1STST could be an interesting and
practical project. The second study examined the correlation
between 1STST and MIP in persons with COPD. The low correlation
suggests that inspiratory muscle strength may contribute to exercise
capacity. However, the influence of inspiratory muscle strength on
the 1STST may be less than in the walking test, which showed a
higher correlation '34. This underscores the natural difference
between the walking test, which involves more global effort, and the
1STST, which involves more localized effort in the leg, as
demonstrated by their correlation with VO2max in previous studies
333,334 Therefore, test selection and interpretation should be carefully
considered. For instance, if testing time and environment allow, the
6MWT may be the best field test for assessing global effort in
exercise capacity. However, if a simpler method is needed to
empower individuals with chronic diseases to self-manage, the
1STST is more appropriate.

The thesis also included the cross-cultural validation of the
Vietnamese versions of the Paediatric Evaluation of Disability
Inventory and the Nijmegen Questionnaire, which further confirms
the necessity of a rigorous and comprehensive translation and
validation process to ensure appropriate modifications that align with
the new culture. This approach is vital to ensure that the tools are not
only linguistically accurate but also culturally relevant and
contextually appropriate, as potential latent factors can appear in
new cultures and populations. To ensure the validity and reliability of
these tools in the new cultural context, it is essential to consider the
specific culture, lifestyle, and linguistic characteristics of the
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population. This involves adapting the tools to account for differences
in language, customs, and social norms, ensuring that they
accurately capture the intended constructs. For example, children in
Vietnam rarely use forks for eating; thus, any evaluation relating to
fork usage may not capture their real function, not to mention that it is
not useful to evaluate that activity. Furthermore, rigorous statistical
analyses should be conducted to assess the psychometric properties
of the adapted tools, including their reliability and validity, and
sensitivity of changes. By following these steps, researchers and
clinicians can ensure that the assessment tools are appropriate for
use in the new cultural context and provide meaningful information
about the health and well-being of individuals.

In conclusion, this body of work contributes to the advancement of
physiotherapy practice in Vietham by providing validated assessment
tools, representing an initial effort to address the assessment gap in
Vietnamese physiotherapy and potentially enhancing service quality.
The researchers hope that these initial studies will encourage other
physiotherapists to validate additional questionnaires or assessments
necessary within their scope of practice. Furthermore, we advocate
for further research into alternative assessment methods suitable for
low-resource settings. After all, without proper assessment and
evaluation, interventions are like a game of luck.

“A smart mother often makes a better diagnosis than a poor doctor.”

August Bier
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