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Abstract

Background. The World Health Organization reported that one of the major
challenges for all countries in the next few years will be the development of preventive
approaches to care for older adults. After COVID-19, multimodal interventions have
been created to enhance older health, especially targeting respiratory muscles (e.g.,
inspiratory muscle training [IMT]). The following research aims to explore the
combination of the two interventions (IMT and Tai Chi) using a randomised, double-
blind placebo approach. Methods. A total of 30 participants were recruited from the
local community in XXX (XX) and underwent an experimental (IMT + Tai Chi) or
placebo (sham-IMT + Tai Chi) training protocol. Measurements of balance (i.e., Mini-
Best), inspiratory muscle strength (i.e., Maximal Inspiratory Pressure) and mobility
(i.e., 6 Minutes Walking Test) were collected at baseline and after 8 weeks. Results.
The results show that a combination of IMT and Tai Chi significantly improves dynamic
balance (P<0.01) and mobility (P<0.05) when compared to Tai Chi alone, with an
additional positive correlation between balance, mobility and inspiratory muscle
strength (P<0.05). Conclusion. The manuscript is the first to report the combined
effects of IMT and Tai Chi in older adults following rigorous methods. The results
highlight the relationship between inspiratory muscle and balance, as the results
demonstrate a potential link between metaboreflex and balance control, fostering

multimodal practices for healthy ageing interventions.

Keywords: Geriatrics, Tai Chi, Risk of Fall, Managed care, Multimodal care



O 00 N o U B~ W N R

W W W W W N N N N N NN N NN NN R P R PR PR R R
A W N P O O 0O N O U B W N P O O O N O UV B W N = O

Introduction

In 2022, the World Health Organization reported one of the major challenges for all
countries in the next years will be to ensure that the health and socioeconomic
systems are ready to make the most of the ongoing demographic shift *. In 2020, the
number of people aged 60 years and older outnumbered the children younger than 5
years old and between 2015 and 2050, the proportion of the world’s population over
60 years is expected to increase from 12% to 22% 2. The increasing ageing population
will consequently have a significant effect on the health systems 3, increasing the costs
and length of stay that will troublesome the capacity of health organisations worldwide
4. Hence, the National Institute for Health and Care Excellence® recommended
developing approaches to care for older adults and to prevent ageing-associated
physiological declines (such as lack of mobility). Similarly, the recent EU agenda
focuses on developing healthy ageing strategies to improve health, social life and well-
being in the older population 68 To what concerns balance,defined as a
multidimensional concept referring to the ability of a person not to fall® ,and mobility,
defined as the physiological ability of people to move independently and safely '° a
Cochrane review shows how physical activities (e.g., Pilates and Resistance Training)
improve balance, mobility and general health in the older population ''. However, novel
interventions have been developed that suggest adopting a multimodal approach, as
in the recent review by Sheraz et al. in 2023, wherethe authors showed how an
unsupervised costs-effective intervention that targets respiratory muscles, named
inspiratory muscle training (IMT) can be used to improve balance and mobility in older
healthy adults as well as in patient populations (e.g., diabetes) '2. However, other
interventions that focus on respiratory muscles have been previously proposed (e.g.,
Tai Chi) with excellent results '3, but IMT focuses only on inspiratory muscles and is
self-administered without social interaction, Tai Chi targets expiratory muscles along
with lower and upper limbs and is mostly performed with a teacher (except in the case
of telemedicine). The following research explores the the research highlighted by
Hodges and Gandevia who initially showed the role of inspiratory muscle in balance
control'*1%. More recently a systematic review '8, also reported lack of research that
combines respiratory muscle training with other interventions. A gap that, if covered,
can help in understanding the mechanism behind the positive relationship that links

improvement in balance with improvement in respiratory muscle strength.
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Concluding, the following research aims to explore the combination of the two
interventions (IMT and Tai-Chi) using a randomised double-blind placebo approach to
understand the links between improvements in inspiratory muscle strength and
dynamic balance previously reported in healthy older adults and community dwellers
that were not fully explained '7. The objectives were: i) producing an impact in the local
community and sharing good practices on healthy ageing; ii) understanding the role of
inspiratory muscles in balance and mobility; iii) producing recommendations to
integrate  multimodal inspiratory muscle training into physical training as
recommended by WHO and NICE.The research team's hypothesis is that the
combination of IMT + Tai Chi will produce bigger improvements in balance and
respiratory muscle strengths when compared with Tai Chi or IMT intervention alone.
This hypothesis is supported by a recent trend in literature that recognised the dualistic

role of inspiratory muscles as breathing and balance control muscles 51718,
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Methods

For the purpose of this study, the research teams adopted a positivistic methodology
with a double-blind randomised placebo control trial method. This manuscript reports
the research following the latest CONSORT guidelines’ and the Template for
Intervention Description and Replication (TIDieR) ?°. All data were collected between
June and August 2023 in XXX (XX), and full ethical approval was received by the
University of XXX research ethics committee before the commencement of data
collection (ETH2223-1923).

Study Design

Participants Selection

Prior to data collection, participants were screened and those with the following
exclusion criteria were not included. Younger than 60 years of age, cognitive difficulties
(Mini-Mental State Examination lower than 24 points) 2!, previous Tai Chi or IMT
experiences, received a diagnosis of diabetes, chronic obstructive pulmonary disease,
asthma or any other condition that might affect balance or breathing. Fallen in the
previous three months 22, vertigo in the past six months, heart conditions that prevent
them from exercising, any other neuromuscular conditions (such as muscular
dystrophy) that can cause harm while exercising, any medication know to effect
balance (e.g. B-blockers) 23.

The sample size was calculated using G*Power software?* based on previous studies
that looked at the IMT effect of balance with healthy older adults'® , with a error = 0.05
and 1-B = 0.95. To test our hypothesis that healthy older adults undertaking 8 weeks
of inspiratory muscle training combined with Tai Chi would improve dynamic balance
outcomes to a higher magnitude than healthy older adults undertaking 8 weeks of Tai

Chi combined with sham-IMT, a total sample of 25 participants were required.

In order to keep all participants blind to the interventions, IMT was portrayed as
Strength Training and the sham-IMT was portrayed as Endurance Training using a

previously verified protocol'®.

Hence, each participant was randomly allocated to Strength Training (i.e., IMT + Ta

Chi) or Endurance Training (i.e., sham-IMT + Tai Chi). A simple randomisation strategy
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25 was completed after initial screened. To ensure double-blindness, recruitment and
screening were completed by (YZ), randomisation was carried out by (AR), and
assessments were completed by one researcher expert in respiratory physiology

(FVF), who was fully blinded about the type of training participants were involved in.

Location

The data collection took place at Dance Studio in XXX, in a standardised environment
with a temperature of 21.5 C. Additionally, participants were advised to wear
appropriate gym clothing when arriving at the Dance studio. This location was selected
because it is where participants practice Tai Chi and are familiar with the environment.
Prior to their appointment, all participants received instructions not to consume any

substances that could affect their assessments, such as alcohol or caffeine 26 .

Intervention
All interventions described below were carried out continuously for eight weeks. For
the data to be analysed, a minimum adhesion of 70% to the following intervention was

required of all participants.

Inspiratory Muscle Training

The Experimental (Strength) Group was instructed to perform 30 breaths in the
morning and 30 breaths in the evening, far from meals, at 50% of their Maximal
Inspiratory Pressure (MIP) 27 . To maintain the training stimulus for 8 consecutive
weeks, each participant was instructed to increase the intensity by one level if they

could achieve more than 30 breaths in two consecutive training sessions 22 . Each

participant received a Powerbreathe Medic Plus (POWERbreathe® International Ltd,

Southam, UK) to complete their training

Sham-Inspiratory Muscle training

Using a validated protocol that reported no significant improvement in inspiratory
muscle strength, the sham (Endurance) group performed 60 breathes once a day
(morning or evening) at an intensity equal to 15% of their MIP 272°Participants were
instructed not to modify the resistance and the training valve of the Powerbreathe

Medic Plus was fixed to ensure that the training intensity remained the same.
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For both groups, instructions on how to use the breathing device were provided, along
with a few practical trials on the day of baseline measurements. All participants also

received a training diary (refer to Appendix 1) to report their training.

Tai Chi

The intervention was identical for both groups and was delivered by a Tai Chi master
(YZ). For the purpose of the study, the Yang Style was used?3°. Each session had a 10-
minute warm-up, a core session with each Tai Chi figure and 5 minutes cool down. Tai
Chi classes were conducted once a week for 45 minutes. To control attendance, YZ
kept a register and monitored the IMT training diary for both groups. The full structure

of the Tai Chi program is reported in Appendix 2

Outcomes

All anthropometric details were collected only at baseline to provide sufficient details
about the cohort and screen for exclusion criteria. These included date of birth, height,
weight, Mini-Mental 2', Physical Activity Scale for Elderly 3", forced expiratory volume
in 1 second %2, forced vital capacity 33, peak expiratory flow 4, unit of alcohol per week,
PAR-Q 3% and ethnic origin.

Cardio-Respiratory

The Maximal Inspiratory Pressure (MIP) was measured with a hand-held mouth
pressure meter (MicroRPM, Micro Medical Ltd, Rochester, Kent, UK). Each participant
performed three initial attempts and then a minimum of five and no more than eight
Muller manoeuvres until variability was within 10%. This protocol has already been
used and validated 7.

Peak Inspiratory Flow was measured using POWERbreathe® K2, with Breathe-Link
2.0 software (POWERDbreathe® International Ltd, Southam, UK) using Langer and
colleagues technique 36

Systolic and diastolic blood pressure measurements were collected prior to balance
and mobility assessments. A minimum of three subsequent measurements were
collected, up to a maximum of five, until variability between measurements was within

10%. The highest of the three measurements was then reported.
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Balance and mobility

The mini-BEST is a shortened version of the Balance Evaluation Systems Test, which
includes 14 different tasks divided into sub-groups as anticipatory, reactive, sensory,
and dynamic tasks ¥’. It also includes as part of the dynamic tasks the Timed Up and
Go % and The Cognitive Timed Up and Go 3° that were assessed within the Mini-BEST
and separately as an index of dynamic balance control.

The Six Minutes Walking Test (6MWT) was used as an index of activities of daily living.
According to the American Thoracic Society, it is a good index of patient's blood
oxygen saturation and perception of dyspnea during exertion %°. Following these
guidelines, no encouragement was given to the patients who performed the 6MWT
whilst the researcher was counting the number of laps 4°

For the 30 Seconds Sit to Stand, each participant sat on the edge of an armless chair
(sitting height 46 cm, seat length 45 cm) with their arms folded across their chest. They
were instructed to rise and then become seated as fast as possible, as many times as
possible in 30 seconds, with both feet maintaining full contact with the floor and kept
at a comfortable distance. They were also instructed to stand up completely and sit
down, with gluteus touching the chair 4'.

The Activity Balance Confidence Scale was used to address participants™ confidence
in performing tasks that might lead to a loss of balance 2.

The Oswestry low back pain questionnaire was used to monitor the effect of inspiratory
muscle training on low back pain with a validated protocol 4344, The test has been
included as low back pain has been reported to impair balance ability 4° and it is a
condition affected by IMT 46,

The Q5 5D 5L questionnaire was used to monitor participants' status before data
collection, at baseline, and after 8 weeks of intervention. The questionnaire was

administered following the latest NICE guidelines 4748

Data Analysis
Within-group analysis was carried out with the Parried Sample T test, whilst between-
group differences were measured using Repeated Measured ANOVA with Tukey

correction. The threshold for statistical significance was determined a priori as P <

0.05, and Cohen’s d effect sizes were calculated to determine the effect magnitude
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and non-significant tendency (small d < 0.2; medium 0.2 <d < 0.8; large d > 0.8) %°.
To further explore the link between improvements in inspiratory muscle strength and
balance, a Person correlation and Linear regression analysis were performed in the
experimental group if significant improvement (P < 0.05) were reported. All data were
analysed with SPSS v29.00.
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Results
A total of 25 participants out of 30 completed the study (83%), showing excellent

retention. The reason for withdrawal and participants' pathway is reported in Figure 1.

<< Figure 1 here>>

10
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Anthropometric

No significant differences were reported between groups in anthropometric values,
except for weight and forced expiratory volumes in 1 sec (FEV1), data reported in
Table 1.

<< Table 1 here >>

11
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Cardio-Respiratory

Cardiorespiratory results are reported in Table 2. Maximal inspiratory pressure
improved significantly in the experimental group with a large magnitude, with no
differences between groups. Peak inspiratory flow improved significantly in both
groups, with a higher effect magnitude in the experimental group when compared with
the placebo group, with no difference between groups. Systolic blood pressures were
both not significant within and between groups whilst diastolic blood pressure was
significant within group in the placebo but not in the experiential group neither in

between-group analysis.

<< table 2 here>>

12
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Balance and Mobility

Significant improvements were reported in dynamic balance and six-minute walking
tests with the experimental group, which significantly improved compared to baseline
and when compared with the placebo group. Whilst the placebo group deteriorated
their balance (from 22.50 to 20.42) significantly. Additionally Cognitive Timed Up and
Go significantly improved in the experimental group with no differences between
groups. Whilst the 30 seconds sit to stand worsened significantly in the placebo group
but not in the experimental group, with no differences between groups. Data reported
in table 3.

<< table 3 here>>

13
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Linear regression and correlation

Linear regression for MIP and walking distance (i.e., 6 Minutes Walking Test) follow-
ups showed F =5.02 P = 0.03 and Bootstrap P = 0.02 with Pearson Correlation (single-
tailed) P = 0.02. Meanwhile, linear regression for MIP and Cognitive Timed Up and Go
follow-ups showed F = 3.69 P = 0.81 and Bootstrap P = 0.79 with Pearson Correlation
(single tailed) P = 0.04. Tendency line and R? are reported in Figure 2

<< Figure 2 here >>

14
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Discussion

The results demonstrate that a combined IMT and Tai Chi intervention significantly improves
dynamic balance, mobility, and inspiratory muscle strength in healthy older adults compared
to Tai Chi alone. Participants in the experimental group showed improvements in Maximal
Inspiratory Pressure (MIP), Mini-BEST dynamic balance scores, Cognitive Timed Up and Go
tests, and Six-Minute Walk Test (6MWT) outcomes. In contrast, the placebo group showed
declines in balance and mobility metrics, such as Mini-BEST and 30-second sit-to-stand test

performance.

Interpretation of the results

It was possible to confirm the research team's hypothesis that the combination of IMT
+ Tai Chi will improve balance and respiratory muscle strength when compared with
Tai Chi intervention alone. In particular, the experimental group (i.e., IMT + Tai Chi)
significantly improved in MIP, Dynamic Balance, Cognitive Timed Up and Go and Six
Minutes Walking Test. The Placebo (i.e., sham-IMT + Tai) worsened significantly in
Mini-BEST, Reactive balance, 30 seconds Sit to Stand and showed a significant
decrement in diastolic blood pressure (DBP) with low magnitude. Similar results were
reported in other multimodal IMT interventions with older active woman *°While the
effect size is moderate, its statistical significance suggests the need to consider how
Tai Chi alone or the overall intervention setting impacted DBP in the absence of true
IMT. However, it is necessary to consider that this result can be caused by a
confounding variable since the placebo group had a higher DBP at baseline than the
experimental group (Table 2).

Both groups improved in Peak Inspiratory Flow and 5Q 5D 5L, with significant
differences within groups. Differences between groups were reported in Dynamic

Balance and the Six-Minute Walking Test.

Role of Inspiratory Muscle Training

This study’s results are in light with previous studies that looked at similarities and
differences of IMT when compared to the Otago Exercises Program in healthy older
adults ""However, the analysis conducted above allows further speculation on the links
between inspiratory muscle strength and dynamic balance. Indeed, the improvements

reported here are linked with gait (i.e., Dynamic Balance as a subgroup of the Mini-

15
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BEST) which includes gait-related tasks, such as Cognitive Timed Up and Go and six-
minute walking tests. Previously, there has been speculation about the direct link
between inspiratory muscle and spine stability pressure'. Authors reported that
improvement in balance might be linked with improvement in participants™ capacity to
increase intrabdominal pressure®'2, or due to anatomical links between the
diaphragm muscles and the ileus-psoas complex °3. But as our results showed
improvements in gait more than other sub-groups of balance, the authors speculate
that these are due to improvements in metaboreflex 545,

Indeed, it is possible to conceive that inspiratory muscle training, by conditioning the
inspiratory muscle, decreases the sensation of fatigue and favours oxygenation. In
return, better oxygenation of the respiratory muscle results in a redistribution of energy
in the body, which translates in a better lower limbs performance %¢. This theory needs
further investigation and additional respiratory-related outcomes, such as the work of

breathing. °’.

Multimodal Intervention

Improvement in balance was noted only in the experimental group. The placebo group
demonstrated significant decrements in overall balance, reactive balance and 30
seconds sit to stand. These results are similar to those reported by Huang, Mayer, Wu,
Liu, Wu and Yen %8. Additionally, the effects on blood pressure were significant in the
placebo group but with low-magnitude results similar to those presented in Yeh, Wang,
Wayne and Phillips %°. This study reported that the combination of IMT and Tai Chi has
shown significant results with high magnitude in relation to balance gain and overall
health, measured with 5Q 5D 5L. Hence, combining the interventions to enhance
physiological responses to training and facilitate participation in the training program
would be recommended. Multimodal interventions have also been suggested in the
WHO guidelines for fall prevention and management for older adults 0. However, as
also reported by Shei et al., %, there were limitations in the IMT intervention. The 30
breathes morning and evening protocol initially developed for athletes %7, is assumed
to be the best to produce enhancement in balance with frailer population. Previous
studies have proved this assumption 126162 but future work should explore different
types of inspiratory muscle training protocols (e.g., using different volumes and
intensities) tailored for ageing populations. In particular, it is necessary to understand

why improvements in inspiratory muscle strength are related to improvements in

16
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balance; it is possible to hypothesise three main domains for future research, focusing
on increments in intrabdominal pressure, better modulation in core muscle control,
and more efficient metaboreflex response. Also, additional research that includes
qualitative elements is necessary. Since this intervention is people-patient lead, it is
necessary to understand their perspective to enhance the training experience.
Clinical Implications

These results have significant clinical implications for designing future effective interventions
to enhance balance, mobility, and respiratory muscle strength in older adults. Combining IMT
and Tai Chi demonstrates a practical, multimodal approach that aligns with WHO and NICE
guidelines. Hence, clinicians can integrate this dual intervention into rehabilitation programs
for older adults at risk of falls or those with reduced mobility. Additionally, this multimodal
strategy may be particularly beneficial for patients with chronic conditions such as COPD or
low back pain, where respiratory and functional mobility are often compromised. 3. Future
clinical practice and research should leverage these insights to develop tailored, accessible
interventions that address the complex interplay of respiratory and motor functions in ageing

populations.

17
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Conclusion

The study provides evidence of the effect of IMT and Tai Chi in older population. The
results showed that IMT + Tai Chi produces significant improvements in dynamic
balance, mobility and respiratory muscle strengths when compared with Tai Chi
intervention alone. These outcomes can impact the local community and hopefully will
help in shaping good practices policies for healthy ageing interventions. It can also
add to the latest WHO and NICE guidelines providing recommendations on how to
integrate respiratory interventions with other gold standard training to enhance

physiological reposes.

18
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Limitation

Further analysis remains on the effect of inspiratory muscle on dynamic balance. While
this study confirmed how improvement in inspiratory muscle strength can potentially
lead to a better, faster gait, further studies should look into the work of breathing and
oxygen saturation. Additional balance tests, such as the Berg Balance Test or the

Tinetti Balance Test, would also help in looking at other components of balance.

This study presents other limitations such as the age group of participants can
potentially has an effect on the significance of the results. While, it was previously
reported that older population presents a lower level of fitness and therefore can show
higher improvement in balance and mobility, no effect of ageing was noted on these
outcomes in this study. Therefore, future studies should recruit participants over 80 to
be able to demonstrate high level of significance between and within groups as also

reported in previous work '°
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Table 1. Anthropometric values.

Outcomes Experimental Group Placebo Group Between-group
N =13 N =12 P
Age (years) 67.9 £5.52 69.0 £ 7.09 0.72
Height (meters) 1.65+0.12 1.65+0.12 0.87
Weight (Kg) 61.35 + 9.35 73.21+14.81 0.02*
Mini-Mental (final score) 29.08 + 1.26 27.92 +1.68 0.06
Physical Activity Scale for Elderly (final score) 153.76 + 38.93 146.55 + 35.77 0.37
Forced Expiratory Volume in 1 second (L/s) 2.27 £ 0.46 2.93+0.83 0.05*
Forced Vital Capacity (L/s) 2.79 £0.62 3.36 £0.93 0.06
Peak Expiratory Flow (L/s) 371.46 + 67.06 473.83 £ 166.50 0.06
Unit of Alcohol per week (range)* 0-15 0-30 NS
PAR-Q 33,.33% High Blood Pressure 25% High Blood Pressure NS
8.33% Gastric Reflux
Ethnic origin 66.67% White British 83.4% White British N/A

8.33% Indian

16.6% Chinese

8.33% Black Caribbean
16.67% White European

NS = no significant differences measured with Chi-Square; N/A = not applicable * significant difference; * for both groups, the unit of alcohol

consumption is considered as increasing risk of drinking according to Gov. UK guidelines.






Table 2. Cardiorespiratory outcomes

Variables Experimental Group Placebo
n=13 n=12
Baseline Follow-Up P d Baseline Follow-Up P d
MIP (cmH20)  60.54+28.68  100.85+33.81 <0.001* 1.28 72.67+17.61 79.33 £23.16 0.16 0.32
PIF (L/s) 2.91+0.79 4.23+0.82 <0.001* 1.64 3.41+1.11 4.56+1.17 <0.001* 1.00
SBP (cmH20)  158.92+25.29  147.77+21.30 0.18 0.47 159.67+24.50 144.67 + 22.61 0.004*  0.64
DPB (cmH20)  88.23+9.71 83.77+8.92 0.43 0.48 91.67+15.52 84.83 £12.61 0.006* 0.48

Between-group
P
0.539
0.206

0.990
0.350

Experimental Group vs Placebo Group improvements following 8 weeks of Inspiratory Muscle Training with Tai Chi and Sham-Inspiratory Muscle
Training with Tai Chi; MIP = Maximal Inspiratory Pressure; PIF = Peak Inspiratory Flow; SBP = Systolic Blood Pressure; DBP = Diastolic Blood

Pressure* Significant difference



Table 3. Balance and mobility outcomes

Variables Experimental Group Placebo Between-group
Baseline Follow-Up P d Baseline Follow-Up P d P
MBs 22.92+5.19 25.15%2.15 0.10 0.56 22.50 #5.16 20.42+2.68 0.05*  0.51 0.064
As 5.08+1.26 5.54+0.97 0.17 0.91 4.75%1.42 4.92+1.16 0.36 0.13 0.316
Rs 5.00£1.58 4.54+0.88 0.20 0.36 5.17£1.75 3.50£1.73 0.01* 042 0.298
Ss 5.08+1.66 5.85+0.38 0.07 0.64 5.08+1.38 5.50+0.80 0.21 0.10 0.561
Ds 7.77+£1.36 8.92+0.95 0.02* 0.98 7.75%£1.82 6.42+1.62 0.16 0.77 0.008*
TUG 5.38+0.59 5.59+0.64 0.12 0.34 5.57+0.80 6.33+0.96 0.25 0.86 0.108
(seconds)
TUGc 7.72+2.30 6.55+1.26 0.02*  0.63 8.02+1.43 8.79+2.53 0.16  0.37 0.088
(seconds)
30STS 16.62+4.25 18.46+3.69 0.06 0.46 16.50+4.15 14.25+3.02 0.04* 0.62 0.160
6MWT 474.30£72.29 606.18+102.80 <0.001* 1.84 479.34467.11 454.06+£161.92  0.32 0.20 0.03*
(meters)
ABC 92.04+10.33 93.50+8.37 0.14 0.15 93.36+5.95 90.24 £9.86 0.12 0.38 0.976
oDl 3.85+4.04 5.23+5.33 0.05 0.29 2.67+4.62 2.67 £3.45 0.5 0 0.315
Q55D 5L 0.91+0.12 0.89+0.12 <0.001* 0.16 0.82+0.17 0.85+0.10 <0.001* 0.22 0.666
(EQ Index)
Q55D 5L 87.69+8.07 91.77+7.00 <0.001* 0.54 88.8315.86 89.08 £12.62 <0.001* 0.02 0.518
(EQ VAS)

Experimental Group vs Placebo Group improvements following 8 weeks of Inspiratory Muscle Training with Tai Chi and Sham-Inspiratory Muscle
Training with Tai Chi; MBs = Mini-BEST score; As = Anticipatory score; Ss = Sensory score; Rs = Reactive score; Ds = Dynamic score; TUG = Timed
Up and Go; TUGc = Cognitive Timed Up and Go; 30STS = 30 seconds Sit to Stand; 6MWT = 6 Minutes Walking Test; ABC = Activity Balance
Confidence scale; ODI = Oswestry Disability Index; *Significant difference



[ Screening for eligibility n = 31 ]

Excluded (n=1)

A 4

Not meeting inclusion criteria (n= 1)

Randomized (n = 30)

l [

Allocated to Experimental Group
(n=15)

|

Allocated to Sham Group
(n=15)

Discontinued intervention (n= 2)
1 withdrew due to ear infection.
1 withdrew due to being unable to
commit to the training schedule.

|

Discontinued intervention (n= 3)
3 withdrew due to COVID-19 infection.

l Follow Up (8 Weeks) l

Full analysis set for efficacy.
(n=13)

Full analysis set for efficacy.
(n=12)

Figure 1 — CONSORT chart modified from (Junqueira et al., 2023)
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Figure 2 — The figures show the correlation between inspiratory muscle strength measured with
Maximal Inspiratory Pressure (cmH20) and 6 meters walking test (meters) (A), and Maximal
Inspiratory Pressure (cmH20) and Cognitive Timed Up and Go (seconds) all measurements
collects after 8 weeks of multimodal Inspiratory Muscle Training with Tai Chi.



Impact statement

The following research aims to explore the combination of two interventions (IMT and Tai-
Chi) using a randomized, double-blind placebo approach to understand the links between
improvements in inspiratory muscle strength and dynamic balance previously reported in
healthy older adults and community dwellers that were not fully explained. The key points
were:

e producing an impact in the local community and sharing good practices on healthy

ageing;
e understanding the role of inspiratory muscles in balance and mobility;
e producing recommendations to integrate multimodal inspiratory muscle training into

physical training for older adults as recommended by WHO, NICE and EU.

Why does this paper matter?

Falls injuries are a major risk for older adults. According to the National Institute for Health
and Care Excellence (NICE), 30% of people are at high risk of Falling between 65 — 70 years
old. While 50% of people are at high risk of falling over 80 years old, with a cost to the
National Health System of 2.3 billion £/yr. Moreover, fall incidence is the leading cause of
death for adults aged over 75 years older and the National Institute of Health (NIH) reported
that by 2050, global life expectancy will increase by almost eight years,; the global
population of those over 80 is expected to grow from 126.5 million to 446.6 million,
potentially leading to a higher number of people at risks of fall. For these reasons, it has
become imperative to explore novel, preventive, low-cost cost, efficient balance interventions
to improve health and wellness and decrease fall risks in older populations. Previous studies
investigated the effects of Inspiratory Muscle Training (IMT) and Tai Chi as an intervention
that will decrease the risks of falls. However, evident gaps in research remain, such as: i) why
is improvement in inspiratory muscle strength related to higher balance scores? ii) how does
home-based IMT compare with social training intervention such as Tai Chi? iii) would a
combination of two breathing-based interventions produce a bigger improvement in balance
and health-related outcomes?

To answer these questions, a random control trial approach was used to investigate IMT + Tai
Chi vs sham-IMT + Tai Chi. The results will be used to shine a light on respiratory muscle
effects on balance and will produce recommended high-quality outcomes following WHO,
NICE and EU Healthy Ageing recommendations.



