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ABSTRACT
Objective To determine the effects of multifactorial 
inspiratory muscle training (IMT) combined with Otago 
Exercise Programme (OEP) on balance and quality of life 
(QoL) in patients with diabetes.
Methods Pretest–post- test randomised controlled trial.
Setting Rehabilitation Department of Pakistan Railway 
General Hospital.
Participants 70 patients with diabetes were randomly 
assigned to experimental or placebo groups, out of which 
59 patients completed the intervention.
Intervention Patients in the experimental group 
performed OEP+IMT (at 50% of baseline maximum 
inspiratory pressure (MIP)) whereas the placebo group 
performed OEP+sham IMT (at 15% of MIP). Both groups 
exercised for 12 consecutive weeks.
Outcome measures Outcome measures included nine 
variables: the Berg Balance Scale (BBS), the Biodex 
Postural Stability System (including postural stability 
test (Overall Stability Index, Anterior–Posterior Index and 
Mediolateral Index), fall risk test (FRT), Limits of Stability 
(LOS) test (time to complete test and direction control), 
Clinical Test of Sensory Interaction and Balance (CTSIB)) 
and the Audit of Diabetes Dependent Quality of Life 
questionnaire.
Results Out of 59 patients who completed treatment, 
37.1% were men and 62.9% were women with a mean 
age of 58.37±5.91 years. Results show significant 
interaction effects on BBS scores with the mean score 
improving from 41.87±2.61 to 49.16±2.50 in IMT versus 
sham IMT group with scores improving from 41.58±2.51 to 
45.74±2.30. The IMT group significantly improved 
in dynamic balance tested through BBS (p=0.003), 
anticipatory balance through LOS test (p=0.003), reactive 
balance tested through FRT (p=0.04), direction control 
(p=0.03) and sensory integration through CTSIB test 
(p=0.04) when compared with the sham IMT group. While 
no significant changes (p>0.05) between groups were 
observed in QoL and static balance; significant changes 
(p<0.05) within group were observed in both groups in 
QoL and static balance.
Conclusion Additional research is necessary to 
understand the association between inspiratory muscle 

strength and balance, however, we demonstrated that 
a multifactorial IMT intervention should be used with 
patients with diabetes to improve balance, postural control 
and reduce fall risks.
Trial registration number  ClinicalTrials. gov, 
NCT#04947163.

INTRODUCTION
Diabetes mellitus (DM) is a major public 
health concern globally owing to the 
increasing prevalence and the complications 
caused by the disease leading to increased 
morbidity and mortality.1 In Pakistan, the 
prevalence of diabetes is increasing as 
percentage per population showed 11.77% in 
2016,2 16.98% in 20183 and 17.1% in 2019.4 
According to the International Diabetes 
Federation, it has affected 33 000 000 Paki-
stani raising the prevalence to 26.7% in 20225 
and it is estimated that 9.2 million Pakistanis 
will suffer from diabetes by 2030.3

STRENGTHS AND LIMITATIONS OF THIS STUDY
 ⇒ This 12- week multimodal inspiratory muscle 
training (IMT) intervention was conducted using a 
prospective, single- blinded, two- arm randomised 
controlled trial with a repeated measure design.

 ⇒ In- depth, comprehensive assessment of multiple 
components of balance (static, dynamic, anticipa-
tory, reactive balance, direction control and sensory 
integration) following multifactorial IMT.

 ⇒ Although the adherence rate was monitored and 
<80% was considered dropout, still there are limita-
tions associated with home- based sessions.

 ⇒ Limited generalisability since the study is conducted 
on patients with diabetes from Pakistan only.
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Complications of disease like peripheral neuropathy 
affect balance leading to an abnormal gait pattern, 
lower limb muscle weakness, impaired sensory func-
tion, decreased reflexes and high risk of falls6 thereby 
lowering functional tasks abilities, limiting activities of 
daily life and social interactions.6 7 Clinician goals for the 
management of DM are to improve the health status of 
patients as well as prevention of disease complications.8 9 
As reported in the National Institute for Health and Care 
Excellence (NICE) guidelines, multiple management 
strategies are currently used for controlling glycaemic 
index and managing comorbidities and disease- related 
complications.10–12

For the management of postural instabilities and 
balance deficits, different training approaches have been 
used in literature including Wii Fit training, Tai chi, gait 
training, lower limb strengthening, circuit training and 
task- oriented dynamic training.13–16 Inspiratory muscle 
training (IMT) has demonstrated increase in diaphragm 
strength,17–28 reduced dyspnoea level,17–20 22 increased 
functional capacity,17–23 29 improved thoracic mobility30 
and thereby improved quality of life (QoL) in the frail 
population.17–20 22 23 31 Additionally, IMT has been used in 
clinical trials with chronic obstructive pulmonary disease 
(COPD),19 24 asthma,25 stroke,26 spinal cord injury,27 heart 
failure,17 23 32 cardiac surgery patients28 and other frailer 
populations.20 21 29 31 33

Apart from the effects on pulmonary parameters and 
QoL, IMT has currently been investigated for its effects 
on the balance ability in healthy34 as well as patient popu-
lations including stroke26 35 and patients with COPD.36 
Patients with DM may present pulmonary functional 
abnormalities which are associated with chronic hyper-
glycaemia. These abnormalities may include a reduction 
in lung volumes and carbon monoxide diffusion as well 
as decreased pulmonary compliance, lung elastic recoil 
and inspiratory muscle strength.37–39 The weakness of 
the inspiratory muscles is of particular interest because it 
may lead to problems with balance and postural stability 
which is already compromised in patients with diabetes.40 
Studies have linked inspiratory muscle weakness with 
balance deficits41 42 and improvements in the strength 
of diaphragm through IMT have been shown to improve 
the balance ability.26 34–36 43 Hence, the current study 
aims to determine the effects of IMT on multicompo-
nent balance, postural stability, risk of fall and QoL. The 
study hypothesised that multifactorial IMT intervention 
improves balance (dynamic, anticipatory, reactive, direc-
tion control and sensory integration) of patients with 
diabetes.

METHODS
The purpose of the current study is to determine the 
effects of IMT on balance, postural stability, risk of fall 
and QoL of patients with diabetes. This randomised 
controlled trial is a part of a comprehensive PhD project 

aimed at addressing different research objectives with 
multiple outcome measures.

General design
A single- blind randomised clinical trial with a two- group 
pretest–post- test design was used. The study is registered 
at  ClinicalTrials. gov and adheres to the Consolidated 
Standards of Reporting Trials (CONSORT) reporting 
guidelines.44 The principal investigator (SS) allocated 
patients by simple randomisation through the sealed 
envelope method to IMT+Otago Exercise Programme 
(OEP) (n=35) and sham IMT+OEP (n=35). The outcome 
assessor was kept blind in the study. A priori sample size 
of 62 patients was calculated using the G- power program 
(V.3.1.9.2) at a statistical power of 0.85, error probability 
of 0.05 and effect size of 0.20. However, four additional 
patients were recruited in each group to compensate for 
the dropouts. Final assessment was done after 12 weeks 
of intervention with 29 patients in the IMT group and 
30 patients in the sham IMT group. Figure 1 presents the 
CONSORT diagram showing the number and flow of 
patients throughout the clinical trial.

The first week was the orientation week where super-
vised training sessions and written material containing 
instructions for the patients was provided. Also, the base-
line data was recorded this week where maximum inspira-
tory pressure (MIP) was assessed through POWERbreathe 
device whereas lung volumes and capacities were assessed 
through a handheld spirometer. Afterwards, home- based 
exercise training for a period of 12 weeks was carried out 
three times a week on alternate days. However, patients 
attended one supervised session weekly. Also, a checklist 
was provided to ensure adherence to protocol and <80% 
compliance led to the dropout of patients owing to poor 
compliance. Assessment of fall risk, static and dynamic 
balance and QoL was done at baseline and after 12 weeks 
of intervention.

Participant characteristics
70 patients (58.3±5.9 years old) with the diagnosis of type 
2 DM were recruited through a non- probability conve-
nience sampling technique. Patients of both genders with 
the age ranging from 50 to 70 years were included in the 
study. The Berg Balance Scale (BBS) of all the patients 
ranged from 30 to 50. Exclusion criteria comprised 
of those with uncontrolled diabetes, hypertension or 
disease exacerbation in the last 3 months, Mini- Mental 
State Examination score <24 and on oxygen therapy or 
peripheral oxygen saturation < 90% during the 6- minute 
walk test.

Patients who reported practising regular physical 
activity or any balance training in the last 6 months were 
also excluded. Patients with musculoskeletal comorbid-
ities (eg, osteoarthritis, low back pain) that may impair 
exercise performance and previous or current experi-
ence with IMT, patients diagnosed with cardiorespiratory 
diseases or those with a prescription of drugs that affect 
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balance, for example, beta- blockers, anti- anxiety and anti-
depressant drugs were also excluded.

The patients were enrolled from the Rehabilita-
tion Department of Pakistan Railway General Hospital 
(between July 2021 and December 2022). Informed 
consent was obtained from each participant prior to data 
collection. The study conforms to Helsinki’s declaration.

Intervention
Along with IMT and sham IMT, patients in both groups 
underwent the standardised protocol for diabetes by the 
American College of Sports Medicine (ACSM). ACSM 
recommends 150 min of moderate- intensity or 60 min of 
vigorous- intensity aerobic exercise per week along with 
two non- consecutive days of resistance training per week 
at intensities between 50% and 80% of one- repetition 
maximum. The exercises target all major muscle groups 
using a scheme of 1–4 sets of 8–15 repetitions per exer-
cise.45 As the balance of the patients was compromised, the 

patients also performed a home- based OEP specifically 
targeting muscle strengthening and balance retraining 
exercises for elderly.46

Monitoring for this home- based exercise programme 
was done via record keeping of sessions in a logbook 
where the sessions were recorded and an adherence rate 
less than 80% was considered as dropout. Moreover, the 
patients were supposed to visit the hospital once a week to 
get their performance reviewed as well as load adjustment 
of IMT in the IMT group.

Inspiratory muscle training
Home- based IMT was performed two times a day for 12 
consecutive weeks starting with 50% of MIP and increasing 
the load progressively using a protocol already validated 
and already published elsewhere.34

Sham—inspiratory muscle training
Home- based sham IMT was performed once a day for 
12 consecutive weeks starting with 15% of MIP without 

Figure 1 Consolidated Standards of Reporting Trials (CONSORT) flow diagram showing patient’s pathway through the 12- 
week study. ACSM, American College of Sports Medicine; IMT, inspiratory muscle training; OEP, Otago Exercise Programme.
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increasing the load using a protocol already validated and 
already published elsewhere.34

Otago Exercise Programme
A home- based exercise programme for the elderly popu-
lation including strength and balance exercises was 
followed by the patients of both groups on alternate 
days. The delivery of the exercise along with the type of 
training has been previously validated and it is reported 
elsewhere.43

Standardised protocol for patients with diabetes
The patients performed unsupervised walk for 20 min 
on alternate days with basic stretching exercises as 
warm- up and cool- down before and after the walk. They 
also performed basic strengthening exercises for larger 
muscle groups after the walk.47 The details of the inter-
vention protocol given to both groups are presented in 
table 1.

Outcome measures
Outcome measures were categorised into three main 
groups comprising of nine variables in total. These 
included the BBS; Biodex Postural Stability System, 
including seven variables relevant to the tests for static, 
reactive, anticipatory balance and sensory integration; 
and the Audit of Diabetes Dependent Quality of Life 
(ADDQoL) questionnaire.

Berg Balance Scale
Static and dynamic balance of the participants was assessed 
through the BBS where the patient had to perform 14 
predetermined physical tasks assessing different aspects 
of balance. These included static, anticipatory, dynamic 
and sensory balance. Each task was scored from 0 to 4 
where 4 indicates the person can complete the task inde-
pendently with a final maximal score of 56.48

Postural stability system
The Biodex Postural Stability System (Biodex Medical 
Systems, Shirley, New York, USA) has proven to be a 
highly reliable (Intraclass Correlation Coefficient=0.94) 
measure of postural stability.49 The system uses a circular 
movable platform that provides 20o surface tilt in all 3600 
directions and is interfaced with a microprocessor- based 
actuator.50 Four protocols including the postural stability 
test (PST), Limits of Stability (LOS), Clinical Test of 
Sensory Interaction and Balance (CTSIB) and fall risk 
test (FRT) score were used for the purpose of this study 
following already validated protocols.51

Static balance of the participants was assessed through 
the PST that measured different indices including the 
Overall Stability Index (OSI), Anterior–Posterior Index 
(API) and Mediolateral Index (MLI). Reactive balance 
was assessed via the OSI computed through the FRT. 
LOS test was performed to assess the anticipatory balance 
through the time taken to complete the test (in seconds) 
and the overall direction control of patients. Sensory inte-
gration was assessed by computing the composite score of 
CTSIB.

Audit of Diabetes Dependent Quality of Life
The ADDQoL is a reliable (Cronbach’s α 0.86) ques-
tionnaire52 used to assess both overall QoL as well as the 
impact of diabetes on specific aspects of life in 19 different 
life domains. These domains include leisure activities, 
working life, local or long- distance journeys, holidays, 
physical health, family life, friendships and social life, 
close personal relationships, physical appearance, self- 
confidence, motivation to achieve things, people’s reac-
tions, feelings about the future, financial situation, living 
conditions, dependence on others, freedom to eat and 
freedom to drink. A weighted score for each domain was 
calculated as a multiplier of impact rating and impor-
tance rating (ranging from −9 to +3). Lower scores 
reflected poorer QoL. Finally, a mean weighted impact 
score (ADDQoL score) was calculated for the entire scale 
across all applicable domains.52

Table 1 Details of the training protocol of patients

IMT+OEP Sham IMT+OEP

Standard exercise protocol 
according to ACSM’s 
guidelines.

Standard exercise protocol 
according to ACSM’s 
guidelines.

Balance training—OEP
 ► Warm- up (10–15 min).
 ► Strengthening exercises 
(∼20 min).

 ► Balance activities 
(∼20 min).

 ► Cool- down (5–10 min).

Balance training—OEP
 ► Warm- up (10–15 min).
 ► Strengthening exercises 
(∼20 min).

 ► Balance activities (∼20 min).
 ► Cool- down (5–10 min).

IMT through POWERbreathe
 ► 30 quick breaths two 
times a day at an 
adjustable resistance 
(equivalent to∼50% of 
(baseline) MIP).

 ► Increased up to 35 
breaths as per patient’s 
tolerance.

Sham IMT
 ► 60 slow breaths once 
daily at a load setting of 
0 (corresponding to∼15% 
(baseline) MIP).

 ► Training load adjustment 
was prevented using sticky 
tape applied to the device’s 
load adjuster.

 ► Orientation week—supervised training+written material 
regarding treatment was provided to the patients.

 ► Training frequency: 3 days per week for 12 weeks.
 ► IMT/sham IMT daily two times a day.
 ► Assessment done at baseline and after 12 weeks of 
intervention.

Frequency Two times 
a day

Alternate days 
(Mon, Wed, 
Fri)

Alternate days 
(Tues, Thurs, 
Sat)

Time 10- 15 min 60 min 50 min

Type IMT/sham 
IMT

OEP ACSM

ACSM, American College of Sports Medicine; IMT, inspiratory 
muscle training; MIP, maximum inspiratory pressure; OEP, Otago 
Exercise Programme.
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Patient and public involvement
None

Statistical analysis
Analysis was performed using IBM SPSS software (V.26) 
with the significance tested at 95% CI, p <0.05. Mean and 
SD were computed for continuous and frequency with 
percentages for categorical variables. The study hypoth-
esis was tested through a 2×2 mixed model analysis of 
variance (ANOVA) (pre–post vs intervention type) with 
the balance tests as the dependent variable. Bonferroni 
corrections were applied to control for multiple compar-
isons in the analysis. The significance level was adjusted 
to α=0.05. For testing the assumptions of mixed ANOVA, 
the homogeneity of covariance matrices was tested 
through Box’s test of equality of covariance and assumed 
to be met if p >0.05. Normality was assessed through 
Shapiro- Wilk test (p >0.05), homogeneity of variances 
through Levene’s test (>0.05) and sphericity was checked 
through Mauchly’s test of sphericity. The variables in 
which interaction effect was observed, further analysis 
was carried out using the independent sample t- test for 
between- group comparison and paired sample t- test 
for within- group analysis. Effect size was interpreted via 
partial eta square (ηp

2) where ηp
2 >0.01 was considered as 

small, >0.06 as medium and >0.14 was considered as large 
effect size. Detailed statistical plan is shared as online 
supplemental file. An additional analysis was conducted 
to follow the advice of reviewer 4, using analysis of cova-
riance (ANCOVA), to address potential baseline differ-
ences between the groups. A statistician was consulted 
to ensure the robustness of our approach. The analysis 
was performed to assess the effects of the intervention on 
nine outcome variables and adjust for any minor baseline 
differences present. A Bonferroni correction was applied 
to account for multiple comparisons. The standard 
significance level of 0.05 was divided by the number of 
comparisons,9 resulting in an adjusted significance level 
of 0.0055 (p=0.05/9=0.0055). This adjusted threshold was 
used to determine the statistical significance of the results 
for each outcome variable. The results of this analysis are 
provided as an online supplemental file.

RESULTS
59 patients out of 70 completed the study with a patient 
adherence rate of 82.8% in the IMT group and 85.7% 
in the sham IMT group. There was no adverse event 
(ie, fall or hypoglycaemia) during the intervention. The 
reasons for withdrawal are reported in figure 1 and were 
not related to the intervention. The mean duration of 
diagnosis of diabetes was 11.15±4.30 years. The majority 
(79%) of the patients had moderate level neuropathy, 
4.8% had mild and 16.1% had severe level neuropathy 
evaluated by the modified Toronto Clinical Neuropathy 
Scoring System. 9 patients from IMT and 11 patients from 
the sham IMT group had a previous history of fall. Both 
groups were similar in terms of age, body mass index and 

pulmonary function at baseline (p>0.05) as reported in 
table 2.

The MIP of the patients in the study ranged from 11.11 
to 41.90 cmH2O. After 12 weeks of multifactorial interven-
tion, the percentage change in MIP from pre- treatment 
to post- treatment of the IMT group was 78.22% whereas 
a pre–post change of only 24.2% was observed in the MIP 
values of the sham IMT group.

After 12 weeks, a significant group × time interaction 
effect (p <0.05) of the treatments in IMT and sham IMT 
groups was observed in all variables except for ADDQoL 
and PST- OSI. Within the group, results showed that all 
the types of balance and postural control improved after 
training in both the groups. For between- group results, 
there was a significant improvement (p <0.05) in the 
FRT, LOS and CTSIB test. However, no significant differ-
ences (p >0.05) were found in static balance and in QoL 
(p >0.05) between groups. Table 3 summarises between 
and within differences and interaction effects for all the 
balance measures. The reported p values include the 
p value for the within- groups effect, reflecting overall 
change over time in each group; the p value for the 
between- groups effect, comparing the treatment effects 
between both groups; and the p value for the interac-
tion effect, indicating how the treatment effect varied 
over time between the groups. The within- groups effect 
combines both the intervention and placebo effects 
which can complicate the interpretation of the treat-
ment effect while the between- groups effect may be less 
precise if baseline values are similar due to randomisa-
tion, potentially underestimating the treatment impact. 
Therefore, it is important to focus on the interaction 
effect being the most meaningful indicator of the treat-
ment’s effectiveness.

Berg Balance Scale
Both groups were similar initially (p >0.05) tested 
through independent sample t- test, however, there were 

Table 2 Baseline characteristics of patients in 
IMT+OEP and sham IMT+OEP group

IMT+OEP
Mean±SD

Sham IMT+OEP
Mean±SD p value

Age (years) 57.32±5.23 59.42±6.58 0.17

Gender (M/F) 11/20 12/19 –

BMI (kg/m2) 28.19±3.83 27.02±4.34 0.26

MIP (cmH2O) 24.8±8.09 24.5±8.93 0.88

FEV1 (L) 1.34±0.50 1.25±0.59 0.54

FVC (L) 1.52±0.62 1.62±0.74 0.56

PEFR (L/min) 1.84±0.72 1.71±0.65 0.20

All p values are non- significant (>0.05) and computed through 
independent sample t- test.
BMI, body mass index; FEV1, forced expiratory volume in 1 s; 
FVC, forced vital capacity; IMT, inspiratory muscle training; MIP, 
maximum inspiratory pressure; OEP, Otago Exercise Programme; 
PEFR, peak expiratory flow rate.

 on N
ovem

ber 20, 2024 by guest. P
rotected by copyright.

http://bm
jopen.bm

j.com
/

B
M

J O
pen: first published as 10.1136/bm

jopen-2023-080718 on 16 S
eptem

ber 2024. D
ow

nloaded from
 

https://dx.doi.org/10.1136/bmjopen-2023-080718
https://dx.doi.org/10.1136/bmjopen-2023-080718
https://dx.doi.org/10.1136/bmjopen-2023-080718
http://bmjopen.bmj.com/


6 Sheraz S, et al. BMJ Open 2024;14:e080718. doi:10.1136/bmjopen-2023-080718

Open access 

significant interaction effects for BBS score of experi-
mental compared with the placebo group after 12 weeks 
of intervention as reported in table 3, with moderate 
effect size (F=50.9,1 53 p <0.001, ηp

2=0.45).

Biodex Postural Stability System
The group × time interaction was found to be highly 
significant for PST- API (F=15.4,1 54 p =<0.001, ηp

2=0.21) 
and PST- MLI (F=4.35,1 54 p =0.04, ηp

2=0.07) indicating 
that the multifactorial intervention had a differential 
effect on anterior- posterior and mediolateral stability 
over time. However, no significant interaction (F=6.23,1 54 
p =0.07, ηp

2=0.09) was observed for OSI.
Decreases in OSI showing reactive balance through 

FRT (F=4.1,1 54 p <0.001, ηp
2=0.06) and composite score 

for sway index showing sensory integration computed 
through CTSIB test (F=4.17,1 54 p <0.001, ηp

2=0.06) were 
observed (table 3).

Anticipatory balance when tested through LOS test 
showed that the time needed to complete the test 
decreased significantly (F=4.67,1 54 p <0.001, ηp

2=0.07) 
and the overall direction control improved significantly 
(F=4.58,1 54 p <0.001, ηp

2=0.07) in IMT group when 
compared with sham IMT group, refer to table 3.

Figure 2 shows the percentage of changes in 
IMT+OEP and sham IMT+OEP group for balance, 
postural stability and QoL outcomes.

The estimated marginal means of all the outcome 
measures of balance and postural stability are added as 
online supplemental figure 1.

ADDQoL
Before the start of the intervention, 19.4% patients in 
the experimental and 9.7% of placebo group reported 
to have a very bad QoL. Both groups reported that the 
QoL would have been much better if they had not had 

Table 3 Showing mean+SD of balance measures of patients in IMT+OEP and sham IMT+OEP group and the p values for 
interaction effect, between and within group comparisons computed from 2×2 mixed model ANOVA

Outcome

IMT+OEP
(n=29)

Sham IMT+OEP
(n=30)

p valueBaseline Follow- up Baseline Follow- up

BBS 41.87±2.61 49.16±2.50 41.58±2.51 45.74±2.30 1. Int≤0.001
2. b/w=0.003
3. w/i≤0.001

PST OSI 2.20±0.87 1.01±0.46 2.16±0.96 1.44±0.99 1. Int=0.07
2. b/w=0.35
3. w/i≤0.001

API 1.88±0.98 0.81±0.54 1.85±0.97 1.41±0.87 1. Int=<0.001
2. b/w=0.21
3. w/i≤0.001

MLI 1.20±0.60 0.61±0.41 1.32±0.68 0.98±0.64 1. Int=0.04
2. b/w=0.09
3. w/i≤0.001

FRT OSI 2.35±0.77 1.27±0.58 2.35±0.89 1.98±0.57 1. Int≤0.001
2. b/w=0.04
3. w/i≤0.001

LOS Time to complete test 
(s)

118.96±21.61 68.58±11.78 111.58±2252 99.83±24.94 1. Int≤0.001
2. b/w=0.03
3. w/i≤0.001

Overall direction 
control

24.22±8.74 42.10±8.16 25.80±8.65 32.50±9.65 1. Int≤0.001
2. b/w=0.03
3. w/i≤0.001

CTSIB Composite score 2.06±0.45 1.53±0.43 2.08±0.47 2.00±0.51 1. Int≤0.001
2. b/w=0.04
3. w/i≤0.001

ADDQoL AWI score −0.35±1.34 0.19±1.28 −0.38±1.64 0.15±1.43 1. Int=0.97
2. b/w=0.93
3. w/i≤0.001

ADDQoL, Audit of Diabetes Dependent Quality of Life; ANOVA, analysis of variance; API, Anterior- Posterior Index; AWI, Average Weighted 
Impact Score; BBS, Berg Balance Scale; b/w, p value for between group comparison; CTSIB, Clinical Test of Sensory Interaction and 
Balance; FRT, fall risk test; IMT, inspiratory muscle training; Int, p value of interaction effect; LOS, Limits of Stability; MLI, Mediolateral Index; 
OEP, Otago Exercise Programme; OSI, Overall Stability Index; PST, postural stability test; w/i, p value for within group changes.
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diabetes (29% in the experimental and 58.1% in the 
placebo groups).

No significant group × time interaction (p=0.97) was 
observed in the average weighted score of ADDQoL. 
Although, significant improvement (F=13.7,1 53 p <0.001, 
ηp

2=0.18) in QoL was observed within both groups but no 
significant difference between group (p=0.93) was seen 
on average weighted impact score of 19 daily life activi-
ties reflecting the QoL of patients with diabetes as shown 
in table 3. Weighted score of each domain before and 
after the intervention in both groups are shown in online 
supplemental figure 2.

Baseline scores of balance tests and QoL outcomes of 
the groups were compared using ANCOVA to adjust for 
any initial differences. The adjusted means and standard 
errors for each group are attached as an online supple-
mental file. As expected, there were no significant differ-
ences between the groups at baseline after adjustment.

DISCUSSION
This is the first study to compare the effects of 12 weeks 
of multifactorial IMT on multiple components of balance 

including static, reactive, anticipatory balance, LOS, 
sensory integration and dynamic stability in patients 
with diabetes. The findings supported the study hypoth-
esis that OEP+IMT improves all components of balance 
except for the static balance ability. These findings are 
consistent with the results of studies that have demon-
strated the effects of IMT alone on balance.34 43

Following multifactorial IMT for 12 weeks, the MIP of 
the patients with diabetes was largely improved (78.22%) 
as compared with healthy older adults (66%) in a previous 
study43 following 8 weeks of IMT intervention. The MIP 
of patients who underwent sham IMT also improved but 
to a much lesser extent (24.08%) like those reported for 
older adults by Ferraro et al.34 The possible reason for 
this is not the remodelling of respiratory muscles rather 
the increased neural activation because of sham training 
protocol.34

Balance outcomes
The BBS score improved significantly in the IMT group as 
compared with the sham IMT group which is consistent with 
the findings of Tounsi with patients with COPD.36 Similar 
results were observed by Beauchamp with a significant 

Figure 2 Forest plot showing the percentage of changes in sham IMT+OEP and IMT+OEP group for and Clinical Test of 
Sensory Interaction and Balance (CTSIB) score, overall direction control (ODC) in Limits of Stability (LOS) test, time to perform 
LOS test, Mediolateral Index (MLI), Anterior–Posterior Index (API), Overall Stability Index from Postural Stability Test (OSI- PST), 
Overall Stability Index from Fall Risk Test (OSI- FRT), Average Weighted Score (AWI) of Audit of Diabetes Dependent Quality 
of Life (ADDQoL) questionnaire and Berg Balance Scale Scores (BBS). IMT, inspiratory muscle training; OEP, Otago Exercise 
Programme.
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improvement in balance55 which might be explained by 
the potential mechanisms postulated by Hodges56 57 and 
reported by Ferraro et al.43 The first mechanism explains 
the segmental linkages between the upper and lower body 
according to which perturbations in the upper body acti-
vate the diaphragm in a feedforward manner and increased 
diaphragmatic strength will support the evidence of these 
segmental linkages.57 A second mechanism is the increase 
in intra- abdominal pressure as a consequence of an incre-
ment in diaphragmatic strength which helps in stabilise the 
spine improving balance ability.58 A third potential mech-
anism postulated by Witt explains that there is reduced 
sympathetic activity, reduced firing of afferent fibres from 
the diaphragm after training and reduced inspiratory 
muscle metaboreflex.54 59

The current study highlights the decrease in the risk of 
falls and an increase in postural stability and balance with 
increased strength of diaphragm depicted by increased 
MIP. This can be attributed to the multifaceted role 
of diaphragm in the regulation of balance owing to its 
anatomical position, physiological function and biome-
chanical action. The multiple physiological mechanisms 
working together result in improvement in multicom-
ponent balance linked to increased strength of the 
diaphragm.

IMT strengthens the diaphragm depicted by increased 
MIP, this reduces the metaboreflex and decreases fatigue 
in peripheral muscles by improving the blood flow to the 
peripheral locomotor muscles. Also, the perturbations 
to the upper limb also activate the diaphragm in a feed-
forward manner to maintain balance which would be 
improved with the strengthened diaphragm. The role of 
the diaphragm in creating optimal abdominal pressure 
helps maintenance of dynamic and reactive balance. All 
these factors when combined tend to improve multiple 
aspects of balance by enhancing the role of the diaphragm 
in postural stability and balance ability.

Postural stability outcomes
Four different test protocols including PST, FRT, LOS 
and CTSIB were used. A significant group × time inter-
action reflecting an improvement of all components of 
postural stability was demonstrated indicating improved 
postural stability and reduction of fall risk However, no 
significant differences between groups were observed in 
the static component of balance assessment.

These results are similar to those of Ferraro et al34 
where improvements in dynamic stability were observed. 
The activation of inspiratory muscles, particularly the 
diaphragm, is minimal during static balance tasks as 
compared with the dynamic movements as postulated by 
Hodges.56–58 The lack of effect on the static component 
assessed through PST was probably because the chal-
lenges posed during PST did not require the recruitment 
of the musculature of trunk muscles.

In agreement, previous studies have also demonstrated 
improvement in dynamic stability.34 35 43 60 However, 
previous studies have used different balance assessment 

tests with dynamic component assessment through the 
Mini- Balance Evaluation Systems Test.34 43 The present 
study also reported improvement in reactive balance tested 
through LOS test and CTSIB test with a medium effect size.

The efficacy of home- based, unsupervised training 
has been proven in healthy community- dwelling older 
adults declaring it as a feasible and effective treatment 
for improving their balance ability. The improvement in 
balance after IMT was reported not only in healthy older 
adults (with a mean age of 74 years) but also in COPD, 
heart failure and patients who had chronic stroke.34 35 55 60

Quality of life
IMT had no significant effects on the overall QoL of 
patients as within the group significant changes were 
observed in both groups performing OEP but the inclu-
sion of IMT in intervention did not add any benefit and 
both the groups were having similar QoL scores after 
intervention.

The ADDQoL 19 questionnaire reported the QoL in 19 
different life domains but not all life domains were equally 
applicable to all the patients decreasing the response rate 
in a few specific domains. This brings the limitation to 
interpret the results of individual and average weighted 
scores with caution. Similar results were observed in a 
study by Ping Lun Hsieh where no significant changes 
were observed after 12 weeks of resistance training in 
patients with type DM.53 Few other studies with different 
exercise regimens have reported inconsistent results on 
the QoL of younger adults.61 62

In response to reviewer #4’s feedback, an additional 
analysis using ANCOVA was conducted to adjust for base-
line differences between the groups for balance tests and 
ADDQoL scores. This adjustment was minor but neces-
sary to ensure the robustness of our findings. The anal-
ysis confirmed that there were no significant baseline 
differences between the groups consistent with the results 
reported previously. This supports the validity of our orig-
inal findings and confirms that any observed effects are 
not due to initial differences between the groups.

Limitations and recommendations
This is a single- centre, small, randomised study with 
limited generalisability. The current study lacks the use 
of a group where IMT alone is given to better understand 
the effects of IMT and does not study the physiological 
links between IMT and balance. The questionnaire used 
for QoL reported it in 19 different life domains but all 
those life domains are not equally applicable to every 
individual making it a limitation to generalise results 
considering this.53 Future research should also consider 
the outcome measures like work of breathing and blood 
oxygenation so that the underlying mechanisms associ-
ated with balance improvement can be explored.

CONCLUSION
This is the first study to evaluate the effects of 12 weeks of 
multifactorial IMT (IMT and OEP) for reducing the risk 
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of fall, improving balance and postural stability of patients 
with diabetes. The study shows that the combined inter-
vention reduced the risk of fall, improved the reactive, 
anticipatory and dynamic balance outcomes enhancing 
the overall postural control of patients.

Hence it is possible to conceive that IMT, home- based, 
cost- effective training can be integrated in the multicom-
ponent management of patients with diabetes along with 
the OEP and can be incorporated in the daily manage-
ment of the disease as recommended by the multifacto-
rial approaches in NICE guidelines.12
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