original paper

Physiotherapy Quarterly (ISSN 2544-4395)
2020, 28(2), 9–14
© University School of Physical Education in Wrocław

Low-intensity inspiratory loaded exercises improve physical health perception
in women with type 2 diabetes
doi: https://doi.org/10.5114/pq.2020.92472

Ahmad Mahdi Ahmad1, Heba Mohammed Ali2

	Department of Physical Therapy for Cardiovascular and Respiratory Disorders, Faculty of Physical Therapy,
Cairo University, Giza, Egypt
2
	Department of Physical Therapy for Internal Medicine, Faculty of Physical Therapy, Beni-Suef University, Beni Suef,
Egypt
1

Abstract

Introduction. Physical exercises improve quality of life in type 2 diabetes. Inspiratory muscle exercises may be an alternative
option for diabetic patients with physical disabilities unable to engage in physical exercises. The purpose of this study was to
investigate the effect of inspiratory muscle exercises on physical and mental health dimensions of the 12-Item Short Form (SF-12)
Health Survey in women with type 2 diabetes.
Methods. Overall, 26 women with type 2 diabetes were allocated to the control (n = 14) or study group (n = 12). They were obese,
aged 30–55 years, receiving oral hypoglycaemic medications. The inspiratory loaded exercise target intensity was 30% of
maximal inspiratory pressure; sessions lasting 15–25 min were held on 5 days per week for 8 weeks. Quality of life was assessed
as a primary outcome with the SF-12 questionnaire. Fasting and 2-hour postprandial blood glucose levels were measured as
secondary outcomes.
Results. Compared with the control group, significant improvements were observed in the study group after the intervention
in all SF-12 physical health domains and in SF-12 role emotional and social functioning mental health domains. In addition, fasting
blood glucose was reduced from 134 ± 40 to 126.8 ± 51 mg/dl, which was a non-statistically but clinically significant change.
Conclusions. Low-intensity inspiratory loaded exercises could be viewed as a successful alternative to physical exercises in
improving physical quality of life in type 2 diabetic women. Health professionals interested in exercise therapy for type 2 diabetes
may consider our findings.
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Introduction
In 2018, over 500 million cases of type 2 diabetics were
reported worldwide, with the greatest prevalence in countries of lower income [1]. Type 2 diabetes, as a complex
chronic illness, has a continuously negative impact on the
patients’ quality of life (QoL) [2]. The ultimate aim of type 2
diabetes management plans is to enhance the health-related
QoL by using both drug and non-drug therapy. Aerobic exercise, as a non-drug intervention, can effectively improve QoL
in patients with type 2 diabetes [3]. However, not all patients
with type 2 diabetes have the ability to perform physical exercises because of neurological, musculoskeletal, or vascular
problems in the lower limbs. Therefore, other types of exercise are required in these cases.
Inspiratory muscle exercise training is most commonly
implemented in pulmonary rehabilitation programs as an evidence-based intervention [4]; it can also be applied in different clinical settings. Inspiratory muscle exercises have been
effective in enhancing QoL of different patient populations
[5–10]. Two recent meta-analysis studies emphasized the
role of inspiratory muscle exercise training in improving QoL
in patients with heart failure [11] and those with chronic obstructive pulmonary disease [12]. QoL can be assessed by
the 12-Item Short Form (SF-12) Health Survey, considered
as a validated generic instrument to evaluate physical and
mental QoL in patients with diabetes [13]. Therefore, the main
purpose of this study was to investigate the effect of inspi-

ratory muscle loaded exercise, as a substitute for physical
exercise, on diabetes-related QoL assessed with the SF-12
questionnaire in female patients with type 2 diabetes. The results of the research may aid health professionals involved
in diabetes care in recognizing new alternatives of exercise
therapy that could be included in the type 2 diabetes management plan.

Subjects and methods
Subjects
A total of 28 women with type 2 diabetes were selected
from the Om Al-Masryeen General Hospital in Giza, Egypt
and were assigned for the research. The inclusion criteria
were type 2 diabetics, obesity, age of 30–55 years, and receiving oral hypoglycaemic medications. Exclusion criteria
were type 1 diabetics, male sex, pregnancy, receiving insulin therapy, taking part in other physical exercise programs,
chest problems, other hormonal abnormalities, and neurological disorders affecting respiratory muscles. The participants eligible for the study were equally assigned to 2 groups:
the control group (n1 = 14) that received medical treatment
only and the study group (n2 = 14) that was under medical
treatment plus inspiratory muscle loaded exercises. In the
study group, two patients dropped out and 12 participants
adhered well to the treatment sessions throughout the 8-week
period of intervention. In the control group, all patients com-
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pleted the SF-12 Health Survey and only one patient missed
blood glucose analysis. The inspiratory muscle exercises were
supervised, except for two patients who practised their exercises at home and were checked for compliance by telephone
calls. The baseline anthropometric and clinical characteristics of the patients are presented in Table 1.

Measurements
Demographic and anthropometric measures
The subjects’ age, body weight (BW), and height were determined. Body mass index (BMI) was calculated in accordance with the following formula: BMI = BW [kg]/height2 [m2].
Maximal inspiratory pressure
Maximal inspiratory pressure (MIP) was measured at the
beginning of the study to determine the target intensity of
the inspiratory muscle exercises. A simple technique was
used for the MIP measurement: the patients were asked to
breathe in deeply through a tube connected to an aneroid
manometer. They had their nose clipped and were instructed
to seal the lips firmly around the tube to prevent leakage of air.
The maximum negative pressure generated by the patients
and recorded by the manometer gauge showed MIP [14–16].

The 12-Item Short Form Health Survey
(primary outcome)
SF-12 has been recommended for evaluation of physical
and mental QoL in diabetic subjects [17]. It is a short-form
questionnaire that was developed from the original 36-Item
Short Form Health Survey as a shorter and validated version
[18]. SF-12 can assess physical and mental QoL among many
patient populations in clinical and research settings. It comprises 12 items covering the same physical and mental domains as SF-36 but with more answer choices covering
a wider range of health states [18]. Physical health domains
include physical functioning, role physical, and bodily pain.
Mental health scales are vitality, social functioning, role emotional, and mental health [18]. The SF-12 Arabic version translated from the English version was used in the study, in
accordance with Al-Shehri et al. [19]. The physiotherapist
administered and recorded the SF-12 questionnaires through
face-to-face interviews with the patients. SF-12 scoring was
done in accordance with Micholas [20], and reverse scoring
was needed in 4 items so that higher scores showed better
health status for all domains. The score of each domain
was then transformed to a linear scale that ranged from 0
to 100 [21].

Blood analysis (secondary outcome)
Fasting blood glucose and 2-hour postprandial blood
glucose were measured before and after the intervention.
Baseline glycosylated haemoglobin (HbA1c) was determined
for all patients.

Treatment intervention (the inspiratory
loaded exercises)
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The treatment intervention was conducted in the Diabetes Outpatient Clinic at Om Al-Masryeen General Hospital
in Giza, Egypt. The inspiratory loaded exercises focused on
recruiting the inspiratory muscles by using a threshold in-
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spiratory muscle trainer (Threshold IMT®, Koninklijke Philips
Electronics N.V., China) and were performed under the supervision of a physiotherapist. The inspiratory muscle exercise prescription was individualized for each patient and was
developed in accordance with the recommendations by
Cipriano et al. [22], as follows: the target exercise intensity
was set at a load of 30% of the baseline MIP, the frequency
of sessions was once daily for 5 days per week, the session
time ranged from 10 to 25 minutes throughout the intervention. In the first 2 weeks, to familiarize the patients with the
respiratory training, a session time of 10–15 minutes (5 sets
× 20 breaths/set) was permitted. Then, the duration was
increased progressively to 15–20 minutes (5 sets × 30 breaths/
set) for the next 3 weeks and to 20–25 minutes (8 sets × 30
breaths/set) for the rest of the intervention. The intervention
duration was 8 weeks. During the sessions, the patients
were encouraged to breathe slowly and deeply in a diaphragmatic pattern of breathing and were allowed to rest for 2 minutes between the sets.

Statistical analysis
Both parametric and non-parametric statistics were used
for data analysis. Regarding anthropometric and biochemical
blood analysis data, an unpaired t-test was used to check for
any significant differences between the 2 groups, and a paired
t-test was applied to verify any significant changes within the
same group. As for the SF-12 Health Survey scores, MannWhitney U test was used to assess significant differences
between the 2 groups at the beginning of and after the intervention. Wilcoxon signed-rank test served to evaluate significant changes within each group after the intervention. Data
were presented as means ± standard deviation and as medians and interquartile range. Only p values of less than 0.05
were considered statistically significant. Statistical analysis
was performed by using the GraphPad Prism and Statistical
Social Science software. Statistical analysis was carried out
only for patients who completed the study (i.e. n1 = 14, n2 = 12).
Because 1 patient in the control group missed blood glucose
measurement, statistical analysis of blood glucose variables
included only 13 patients in the control group (i.e. n1 = 13,
n2 = 12).

Ethical approval

The research related to human use has complied with all
the relevant national regulations and institutional policies,
has followed the tenets of the Declaration of Helsinki, and has
been approved by the Ethics Committee of Scientific Research
of the Faculty of Physical Therapy, Cairo University.

Informed consent

Informed consent has been obtained from all individuals
included in this study.

Results
Table 1 shows the baseline anthropometric and clinical
characteristics of the patients in the 2 groups. Baseline SF-12
Health Survey scores are shown in Table 2. At baseline, no
significant differences were observed between the 2 groups
in any of the measured variables. As shown in Table 3 and
Figure 1, upon the comparison between the 2 groups after
the intervention, there were significant differences in all SF-12
physical health domains and 2 of the mental health domains,
namely, role emotional and social functioning domains. In the
study group, there were significant improvements in SF-12
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Table 1. Baseline anthropometric and clinical characteristics
Variables

Control group (n1 = 14)

Study group (n2 = 14)

p

Age (years)

44.3 ± 7

42.2 ± 6

0.40

Height (cm)

155 ± 7

156 ± 6

0.67

Body weight (kg)

89.2 ± 13

84.6 ± 13

0.35

BMI (kg/m2)

36.8 ± 5.7

34.6 ± 4.6

0.18

2.9 ± 3.4

4±3

0.386

FBG (mg/dl)

145.3 ± 46.7

134.9 ± 37.3

0.52

2HPP blood glucose (mg/dl)

217.4 ± 102.8

Duration of diabetes (years)

HbA1c (%)

6.75 ± 1.21

201 ± 59.24

0.62

6.65 ± 1.16

0.83

Data are expressed as means ± standard deviation.
BMI – body mass index, FBG – fasting blood glucose, 2HPP – 2-hour postprandial, HbA1c – glycosylated haemoglobin

Table 2. Baseline SF-12 scores
SF-12 domains

Control group (n1 = 14)

Study group (n2 = 14)

p

25 (0–56.25)

50 (18.75–50)

0.30

0 (0–100)

12.5 (0–100)

0.52

50 (43.75–50)

50 (43.75–56.25)

0.78

0 (0–12.5)

50 (0–100)

0.14

40 (27.5–60)

50 (47.5–80)

0.21

Vitality (%)

20 (0–45)

40 (20–45)

0.37

Social functioning (%)

25 (25–75)

62.5 (25–100)

0.17

Physical functioning (%)
Role physical (%)
Bodily pain (%)
Role emotional (%)
Mental health (%)

The data are expressed as medians and 25th–75th percentiles.
SF-12 – 12-Item Short Form (SF-12) Health Survey

Table 3. Results of the 2 groups after the intervention
Control group (n1 = 14)

Variable

Study group (n2 = 12)

Pre

Post

Pre

Post

25 (0–56.25)

12.5 (0–25)

50 (25–50)

72.72 (50–93.75)*¶

0 (0–100)

0 (0–0)

12.5 (0–100)

100 (18.18–100)¶

50 (43.75–50)

37.5 (0–50)

50 (50–68.75)

56.81 (50–75)¶

0 (0–12.5)

0 (0–0)

25 (0–100)

50 (0–100)¶

40 (27.5–60)

50 (20–55)

50 (42.5–80)

55 (50–75.22)

Vitality domain (%)

20 (0–45)

40 (20–60)

40 (20–40)

40 (40–75)*

Social functioning domain (%)

25 (25–75)

25 (18.75–50)

62.5 (31.25–100)

75 (75–100)¶

Fasting blood glucose (mg/dl) (n1 = 13)

143.85 ± 48

133.23 ± 65

134.08 ± 40

126.8 ± 51

220.4 ± 106

211.9 ± 90

199 ± 64

187 ± 72

Physical functioning domain (%)
Role physical domain (%)
Bodily pain domain (%)
Role emotional domain (%)
Mental health domain (%)

2-hour postprandial glucose (mg/dl) (n1 = 13)

The data are expressed as medians and 25 –75 percentiles and as means ± standard deviation.
* Significant difference within the same group (based on the Wilcoxon signed-rank test)
¶ Significant difference between the 2 groups (based on the Mann-Whitney U test)
th

th
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Fasting blood glucose (mg/dl)
2-hour postprandial glucose (mg/dl)
Control group
physical functioning and vitality domains compared with the
baseline values. In addition, a reduction of fasting blood glucose from 134 ± 40 to 126.8 ± 51 mg/dl was observed in the
study group (Table 3).

Discussion
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The main purpose of the research was to investigate the
effect of inspiratory muscle loaded exercises on diabetesrelated QoL assessed by SF-12 in a sample of type 2 diabetic
women. The main findings of the study are the following: (a)
Low-intensity inspiratory loaded exercises significantly improved all physical health domains of SF-12, as well as 2
mental health domains, namely role emotional and social
functioning domains, in the study group compared with the
control group. (b) The physical functioning and vitality domains were improved significantly in the study group compared with the baseline values. (c) Fasting blood glucose
decreased from 134 ± 40 to 126.8 ± 51 mg/dl in the study
group. Although this reduction was not statistically significant, it was clinically significant (i.e. a value of < 130 mg/dl
was obtained).
Similarly to our results, inspiratory muscle exercise at 40%
of MIP significantly improved the physical health and mental
health dimensions of SF-36 in patients with heart failure [6].
In addition, in heart failure patients, inspiratory muscle exercise practised at low intensity (30% of MIP), produced remarkable improvements in physical but not in psychological dimensions of the Minnesota Living with Heart Failure Questionnaire
[5]. One of the main findings in this study was that the inspiratory muscle exercises at a lower intensity (30% of MIP)
improved the SF-12 physical health domains in women with
type 2 diabetes. This can be demonstrated by the significant
improvement in the physical functioning domain compared
with the baseline value, and by the significant improvements
in the physical functioning, role physical, and bodily pain domains compared with the control group after the intervention.
The improvement in physical health-related QoL can be
explained in several ways: (a) Firstly, the inspiratory loaded
exercises improved inspiratory muscle strength and endurance, which resulted in increased respiratory capacity and
thus tolerability to fatigue during physical tasks of daily living.
This explanation can be supported by the results of several
studies, all of which illustrated that low intensity (30% of MIP)
inspiratory muscle exercise significantly improved inspiratory muscle function (i.e. strength and endurance) in patients

Study group

Figure 1.
Comparison between
the 2 groups after
the intervention

with metabolic syndrome [23], heart failure [5], chronic obstructive pulmonary disease [24], and atrial fibrillation [25].
(b) The second explanation is reduced breathless sensation
during exertion because of improved inspiratory muscle performance [26]. It has been reported that inspiratory muscle
exercise reduces exertional dyspnoea in both healthy and
patient populations [27]. (c) The third factor is an increased
exercise capacity, walking ability, and physical activity tolerance. This is supported by previous studies which implied
that inspiratory muscle exercise loaded at a lower intensity
significantly increased walking ability and exercise tolerance
as evidenced by a significant increase in 12-minute walk
distance in patients with chronic obstructive pulmonary disease [24], as well as a significant improvement in 6-minute
walk distance in patients with atrial fibrillation [25] and subacute stroke [28]. (d) Fourthly, inspiratory loaded exercises
can improve lung ventilation and diffusion, which enhances
pulmonary oxygen uptake (VO2) [29]. Enhanced pulmonary
oxygen uptake dynamics leads to improvements in oxygen
delivery to the working muscles through the cardiovascular
system and the transport processes within the muscle tissue
[30]. (e) Finally, mitochondrial oxidative capacity was improved after inspiratory exercise training in a manner similar
to that after aerobic exercise training [31]. Together with the
increased bioavailability of oxygen within the contracting
muscles, this leads to enhanced recruitment of the aerobic
system, which could reduce skeletal muscle fatigability and
increase patients’ tolerance to daily physical activities.
Another finding of our study is that the inspiratory muscle
exercises additionally produced some benefits in mental
health domains among type 2 diabetics. This observation
could be demonstrated by the significant improvement in
the vitality domain compared with the baseline value and by
the significant improvements in the role emotional and social functioning domains compared with the control group
after the intervention. This finding can be supported by an
earlier study by Bosnak-Guclu et al. [6], who demonstrated
that inspiratory exercises practised at 40% of MIP significantly enhanced mental health domains of SF-36 in patients
with heart failure.
The last finding of this study was the observed clinically
significant reduction in fasting blood glucose from 134 ± 40
to 126.8 ± 51 mg/dl in the study group. The patients in this
group achieved diabetes control, defined by the American
Diabetes Association as fasting blood glucose 130 mg/dl
[32]. This means that although the reduction in fasting blood
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glucose in the study group was not statistically significant, it
was clinically meaningful. In turn, after the intervention, fasting blood glucose in the control group was still above the
threshold level for diabetes control (i.e. 133 ± 65 mg/dl).
Two studies reported significant reductions in blood glucose
after inspiratory muscle training in patients with insulin resistance [31] and with fasting hyperglycaemia [33]. The exercise
intensity and volume in these studies were higher than in our
study. The American Diabetes Association and the American
College of Sports Medicine reported that exercise-induced
reduction in blood glucose depended on exercise intensity
and duration [34]. Thus, if higher exercise intensity and volume were recruited in our inspiratory loaded exercises,
a change in fasting blood glucose of both statistical and
clinical significance could have occurred. Interestingly, the
SF-12 health-related domains and diabetes control are independent outcomes. The mental and physical aspects of
the SF-12 Health Survey were not dependent on diabetes
control in patients with diabetes [35]. Additionally, no direct
relationship between diabetes control and SF-36 physical
component scores could be established [36, 37]. Therefore,
we cannot attribute the improvements in the SF-12 physical
or mental domains to any reduction in the fasting glucose
in the study group.

Conclusions
Low-intensity inspiratory loaded exercises were successful in improving several aspects of diabetes-related QoL as
evidenced by improved SF-12 physical health domains and
some SF-12 mental health domains in a sample of women
with type 2 diabetes. The change in fasting blood glucose
in the study group was small and statistically insignificant
but otherwise clinically relevant. Health professionals involved
in diabetes care may consider these observations. Inspiratory
loaded exercises could be a successful alternative to physical exercise therapy when the target is to improve diabetesrelated QoL in type 2 diabetic women unable to take part in
physical exercises. However, further studies with a larger
sample size are needed to confirm our conclusion.
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