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ABSTRACT

Introduction and Aim: Diabetes is a disease rising all over the world affecting larger number of populations. In
India largest number of diabetic patients are reported. Lack of physical activity, dietary pattern change, and
sedentary life style are the major causes for concern. An effective lifestyle intervention including changes in dietary
pattern, regular exercises would enhance in preventing or postponing the onset of diabetes. The aim of the study is
to analyse the effectiveness of Swiss ball exercise and resistance training in type 2 diabetes mellitus patients.

Materials and Methods: The study design is comparative type. The study was conducted in Faculty of
Physiotherapy, Dr. MGR Educational and Research Institute, Chennai. The study sample of 30 subjects both male
and female were selected based on the inclusion and exclusion criteria. The subjects were sorted into two groups.
Inclusion criteria were patients with clear history of Type 2 diabetes, clinically diagnosed, an inactive lifestyle, age
between 30-60 years. Exclusion criteria were uncontrolled hypertension, coronary artery disease, advanced
retinopathy, neuropathy, severe orthopedic conditions. 30 subjects between the age group of 30-60 years were
divided into two groups, group A and group B. Individuals in the group A (n=15) received the Swiss ball exercise
and group B (n=15) received resistance training exercise for 5 session/ week for 12 weeks for 30 minutes.

Results: On comparing pre-test and post-test within group A and group B on fasting, post prandial blood sugar
level and diabetes distress screening scale show highly significant difference in mean values at P <0.001.

Conclusion: The study concluded that both the groups had substantial effect. On comparing Swiss ball exercise
and resistance training, both the exercise programs were found to be equally effective.
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INTRODUCTION tumor necrosis factor-alpha (TNF-a), interleukin
(IL)-6, C-reactive protein in diabetes (7).

he person affected with diabetes continues to
I increase worldwide (1, 2). Diabetes, a The person affected with diabetes is rapidly
metabolic ~ disorder  characterized by increasing worldwide. India is the largest number of
hyperglycaemia is divided into two types. Type 1 diabetic patients (40.9 million). Reduced physical
diabetes develops when the pancreas fails to secrete activity, changes in dietary pattern, and pattern, and
insulin, and type 2 diabetes develops when the sedentary life style are the major causes for Diabetes
pancreas retains some capacity to secrete insulin but (8). Lifestyle interventions including changes in
insulin resistance for a variety of reasons (3, 4). Type dietary pattern, regular exercises would greatly help
2 diabetes mellitus and pre-diabetic conditions such in preventing and postponing the onset of diabetes
as impaired glucose tolerance is characterized by and reducing the burden on society and nation (9).

varying levels of insulin resistance causing
hyperglycaemia. The change in glucose and insulin
metabolism may not be a normal characteristic of
aging but it is associated with obesity and physical

Insulin resistance plays a key role in the development
of type 2 diabetes and patient will develop
dyslipidaemia hypertension, and developing the risk
of cardiovascular disease. This leads to damage of

nactivity (5). autonomic nerves distributed in the heart and blood
Late-stage diabetes is associated with multiple vessels in patients with type 2 diabetes, which leads
chronic complication that led to extremely high rates to cardiovascular autonomic neuropathy, increasing
of mortality and disability. The pathogenic the risks of death (10).

mechanism is always associated with hereditary and
environmental factors the disease has recently been
detected as a chronic low-grade inflammatory disease
its onset is characterized with persistent low-grade
inflammation (6). There is significant elevation of

Exercise as an ability to reduce the systemic low-
grade inflammation in chronic inflammatory diseases
such as obesity, metabolic syndrome, diabetes
mellitus, ageing etc. It will reduce the levels of
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inflammatory factors such as TNF-a, 11-6, CRP, and
leptin and increase the levels of anti-inflammatory
factors such as IL-4, IL-10 and adiponectin in
diabetes patients. Exercise will reduce the
inflammation level and improves IR by enhancing
anti-stress and anti-oxidative effects (11).

World Health Organization (WHO) forecasts that in
2030, diabetes will become the 7th leading cause of
death (12). Type 2 diabetes is associated with people
with lack of physical fitness, and people with this
chronic disease have lower exercise tolerance than
people without diabetes (13). People with T2DM
develops insulin resistance in skeletal muscle
characterized by build- up of intramuscular
triglyceride and lack of mitochondrial function and
this dysfunction is the major cause of T2DM (14).
Glycaemic control improves with stability ball
exercises among type 2 diabetes mellitus (15). Swiss
ball exercises are widely used because they can
improve strength, endurance, flexibility, coordination
and balance (16).

It was in 1990 when the American College of Sports
Medicine recognized RT as a contributing factor to a
comprehension fitness program for healthy adults of
all ages. The current position statement for exercise
and type 2 diabetes by the ACSM and the American
Diabetes Association recognize the beneficial effects
of RT and recommends RT at least twice a week in
addition to aerobic training for persons with T2DM.
Recent evidence indicates that RT has the power to
combat metabolic dysfunction in obese, T2DM
patients. Resistance training may assist prevention
and management of T2DM by decreasing visceral fat
and inflammatory markers. Resistance training can
improve glycemic control and insulin sensitivity (5).
Hyperglycemia in patients with diabetes mellitus
needs scientific approach for effective treatment.
Resistance training and Swiss ball exercise which
employs principles of work can benefit glycemic
control. Hence, it is imperative to study the effect of
resistance training and Swiss ball exercise on patients
with diabetes mellitus.

MATERIALS AND METHODS

Study  design:  Experimental;  Study  type:
Comparative pre and post study; Study setting:
Kanchipuram district village

Sample size: 30 subjects both male and female
between the age 30 to 60 years; Study duration: 12
weeks 5 sessions per week for 30 mins.

Inclusion criteria: Type 2 diabetes mellitus
clinically diagnosed patients, male and female
between 30 to 60 years those who are interested, FBS
above 126 mg/dL.

Exclusion criteria: PPBS above 250 mg/dL,
uncontrolled hypertension, stroke.
e Peripheral vascular disease

DOI: https://doi.org/10.51248/.v41i2.1065

........... in type 2 diabetes mellitus

Neuropathy

Advanced retinopathy

Coronary artery disease

Cataracts

Patients’ refusal to participate in this study

Instruments used: Swiss ball, Thera band.

Outcome measures:
e Fasting blood sugar test
e Postprandial glucose test
¢ Diabetes distress screening scale.

Procedure

The exercise regimen was done in a community hall
in the village. 30 subjects were selected based on the
inclusion and exclusion criteria. They were given a
consent form and the exercises were carried out after
having the patients assessed for 12 weeks, 5 sessions
per week for 30 minutes. The subjects were randomly
assigned to two groups.

1. Group A (Swiss ball)
Ball wall squat
Ball pelvic bridge
Trunk extension
Superman exercise

2. Group B (Resistance training)
e Straight arm pulls
e Opposite diagonal arm pulls
e Seated elbow flexion
e Triceps extension
e Unilateral raise
e Wrist extension

Pre and post-test were done by using fasting blood
sugar and post prandial blood sugar and diabetes
distress screening scale.

Group A: Swiss ball

» Ball wall slide: The patient was instructed to
place the swiss ball on the lower back by
placing the hands by the hips. Then the
patient was asked to brace the abs and squat
down to the finish position, keeping the
knees over the toes. Ultimately, the patient
attempted to push through the heels and
return to a standing position.

»> Ball pelvic bridge: The patient was
instructed to lie on back with arms next to
sides and straight legs on the ball and he was
asked to push the legs into the ball and lift
pelvis off the floor until the body was
diagonal from shoulders to feet and held for
10 seconds.

> Wall trunk extension: The patient was
instructed to get down on her knees and lie
on the ball under the abdomen with the feet
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placed against the wall. The patient was
asked to lift her upper body from the ball
until her spine was slightly extended.

» Superman: The patient was instructed to
stand on all fours with the ball under the
abdomen. Then, the patient was asked to
slowly raise and stretch out the right arm and
left leg until it was in line with the rest of the
body and was held for 10 seconds.

Group B: Resistance training

Straight arm pulls: The patient was instructed to
keep the arms straight forward and hold hand with
both hands about shoulder width apart. Then, the
patient was asked to stretch the band apart keeping
the arms straight and held for 10 seconds and return
to the same position.

Opposite diagonal pulls: The patient was instructed
to imagine the face of a clock to help him position
arm properly and was asked to hold the band in his
right at 2oclock and the other end of the band in the
left hand at 8oclock keeping the elbows straight by
slowly stretching the band.

Seated elbow flexion: The patient was instructed to
securely step on one end of the Thera Band and asked
to bend the elbow up toward his shoulder and held
for 10 seconds and slowly return to starting position.
The exercise was repeated for 10 times.

Triceps extension: The patient was asked to stand
with feet shoulder-width apart, knees soft and
abdominals tight. Then, the patient was asked to
grasp the band on either end, placing one hand

..... in type 2 diabetes mellitus

behind the back with the hand against the waistline.
The patient was asked to extend the top arm above
the head by moving just the elbow.

Unilateral raise: The patient was asked to stand with
feet shoulder-width apart placing one end of the band
under the left foot by grasping the other end of the
band in the left hand, maintaining a slight bend in the
elbow and was asked to lift the hand.

Wrist pull ups: The patient was asked to fold the
band and hold in the middle with the top band with
the palm down. With the opposite hand, holding the
ends of the band tightly. Then, the patient was asked
to pull up the wrist keeping elbow tucked into side.

Data analysis

The collected data were tabulated and analyzed using
both descriptive and inferential statistics. All the
parameters were assessed using statistical package
for social science (SPSS) version 24. Paired t-test
was adopted to find the statistical difference within
the groups and Independent ‘t” test (Student ‘t> Test)
was adopted to find statistical difference between the
groups.

Ethical clearance

The study procedures were performed according to
the recommendations of Helsinki Declaration of 1964
(as revised in 2008). This study was registered under
Faculty of Physiotherapy, Dr. MGR educational and
Research institute with [D-05/PHYSIO/IRB/2018-
2019]. The study was carried out during November
2018 to June 2019.

RESULTS
Table 1: Comparison of fasting blood sugar (FBS) level between group A and group Bin pre and post tests

#FBS #Group A #Group B t test df Sigificance

Mean S.D. Mean S.D.

Pre-test | 166.86 | 14.16 | 166.13 12.48 151 28 881"

Post test | 145.80 | 14.50 | 144.13 12.46 .338 28 .7138*
(*- P>0.05)
The above table reveals the Mean, Standard post-test weeks. This table shows that there is no

Deviation (S.D.), t-test, degree of freedom(df) and p-
value between group A and group B in pre-test and

significant difference in pretest and post-test values
between group A and group B (*P > 0.05).

Table 2: Comparison of post prandial blood sugar (PPBS) level between group A and group B in pre and post test

#PPBS #Group A #Group B t test df | Significance
Mean S.D. Mean S.D.
Pre-test | 186.06 | 14.29 | 184.13 | 12.48 .395 28 .696"
Posttest | 160.60 | 14.25 | 158.13 | 12.46 505 28 .618*
(*- P >0.05)
The above table reveals the Mean, Standard significant difference in pretest & posttest values

Deviation (S.D), t-test, degree of freedom(df) and p-
value between group A and group B in pre-test and
post-test weeks. This table shows that there is no
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between group A and group B (*P > 0.05).
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Table 3: Comparison of diabetes distress screening scale (DDSS) between group A and group B in pre and post test

#DDSS #Group A #Group B t test
Mean | S.D. Mean S.D. df Significance
Pre-test 3.23 .269 3.18 399 375 28 710"
Post test 2.20 .286 2.15 277 518 28 .609*
(*- P >0.05)
The above table reveals the Mean, Standard significant difference in pretest and post-test values
Deviation (S.D.), t-test, degree of freedom(df) and p- between group A and group B (*P > 0.05).

value between (Group A) and (Group B) in pre-test
and post-test weeks. This table shows that there is no

Table 4: Comparison of fasting blood sugar level within group A and group B between pre and post-test values

Pre-test Post test t test
#FBS Mean S.D. Mean | S.D. Significance
Group A 166.86 14.16 145.80 | 14.50 115.94 .000™™
Group B 166.13 12.48 14413 | 12.46 189.05 .000™"
(***- P <0.001)
The above table reveals the Mean, Standard is a statistically high significant difference between
Deviation (S.D.), t-value and p-value between pre- the pretest and posttest values within group A and
test and post-test within group A and group B. There group B (***- P <0.001).
Table 5: Comparison of post prandial blood sugar level within group A and group B between pre and post-test values
Pre-test Post test
#PPBS Mean S.D. Mean S.D. t test Significance
GroupA | 18606 | 1429 | 160.60 | 14.25 | 191.00 000"
GroupB | 18413 | 1248 | 15813 | 12.46 | 389.00 .000™"
(***- P <0.001)
The above table reveals the Mean, Standard is a statistically high significant difference between
Deviation (S.D.), t-value and p-value between pre- the pretest and posttest values within group A and
test and post-test within group A and group B. There group B (***- P <0.001).
Table 6: Comparison of diabetes distress screening scale within group A and group B between pre and post-test values
#DDSS Pre-test Post test
Mean | S.D. Mean S.D. ttest | Significance
Group A 3.23 .269 2.20 .286 24.48 .000™"
Group B 3.18 .399 2.15 277 12.42 .000™"
(***-P <0.001)
The above table reveals the Mean, Standard Resistance training significant improvement was
Deviation (S.D.), t-value and p-value between pre- observed in FBS, PPBS and Diabetes Distress
test and post-test within group A and group B. There Screening Scale in both the groups. The sample size
is a statistically highly significant difference between of the study was 15 each respectively. Both showed
the pretest and post-test values within group A and similar results. However, the results were not obvious
group B (***- P <0.001) in either direction regarding the comparison of both
the groups.

DISCUSSION

Exercise therapy is an effective method for treating
diabetes mellitus. Among diabetes patients, regular
exercise has a better blood glucose controlling effect,
because it improves insulin sensitivity. The aim was
to compare the effects of Swiss ball exercise and
resistance training in subjects diagnosed with T2DM.
The principle finding of the present study was that
both the Swiss ball and resistance training were
equally effective in type 2 diabetes mellitus patients.
This research confirms that following SBEs and

Nonetheless, moderate intensity resistance training
results in a mean reduction of glycolate hemoglobin
by 1% to 2% (17). Resistance training involving
major muscle groups has been shown to improve
glycemic control and reduced FBS levels (18).
Glycemic control improves with resistance training
involving major muscle groups (8). As physio ball
exercises involve dynamic muscle loading (from
body weight) causing muscle contractions which help
to increase muscle strength, power and endurance,
hence improved well beingness (19). Exercises using
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stability ball were effective in improving core
strength, endurance and balance in sedentary women
(20).

In the present study, group A which underwent Swiss
ball exercise had significant improvement in
glycemic control of diabetic patients. The group B
which underwent resistance training had also
significant improvement in glycemic control in
diabetic patients. Both the exercise programs were
found to be effective in reducing glycemic control in
patients with type 2 diabetes mellitus; however, there
was no significant difference in the comparison
between the two-exercise program.

There is a statistically high significant difference
between the pre-test and post-test values within group
A and group B in diabetic patients (P<0.001).

According to the results of the current review, both
Swiss ball and Resistance training have effects on
metabolic control, but only if maintained in sufficient
levels over time. FBS and PPBS mean values have
decreased among pre and post-test values of SBE and
resistance training group; this is highly significant at
10% probability level with P<0.001. Hence, Swiss
ball and resistance training can form a modality in the
comprehension management of type 2 diabetes
mellitus.

CONCLUSION

This study concluded that Swiss ball and resistance
training are both equally effective in glycemic control
of Type 2 diabetic mellitus patients and can be used
in the comprehensive diabetic care, which is time-
conserving and cost effective. There is also a good
evidence that resistance training improves insulin
sensitivity and glucose tolerance, and Swiss ball
exercises which showed improved glycemic control
among type 2 diabetic patients is also a worthy
indicator of a new physical modality to be deployed
in the overall diabetic care.

ACKNOWLEDGEMENT

The authors would like to thank the authorities of Dr.
MGR Educational and Research Institute, University,
and the Principal, Faculty of Physiotherapy for
providing us with the facilities required to conduct
the study.

CONFLICT OF INTEREST
Authors declare no conflict of interest.
REFERENCES

1. Lee, S. S, Kang, S. Effects of regular exercise on obesity
and type 2 diabetes mellitus in Korean children:
improvements glycemic control and serum adipokines level.
Journal of Physical Therapy Science. 2015; 27: 1903-1907.

2. L'Heveder, R., Nolan, T. International Diabetes Federation:
IDF Diabetes. International Diabetes Federation. 2013; 349-
351.

3. Park, J. H, Lee, Y. E. Effects of exercises on glycemic
control in type 2 diabetes mellitus in Koreans: the fifth

DOI: https://doi.org/10.51248/.v41i2.1065

........... in type 2 diabetes mellitus

Korea National Health and Nutrition Examination Survey.
Journal of Physical Therapy Science. 2015; 27: 3559-3564.

4. de Morais, P. K., Sales, M. M., Alves de Almeida, J., Motta-
Santos, D., Victor de Sousa, C., Simdes, H. G., et al,
Effects of aerobic exercise intensity on 24hr ambulatory
blood pressure in individuals with type 2 diabetes and
prehypertension. Journal of Physical Therapy Science. 2015;
27:51-56.

5. Strasser, B., Pesta, D. Resistance training for diabetes
prevention and therapy: experimental findings and
molecular mechanisms. Biomed Res Int. 2013; 2013:
805217.

6. Liu, Y, Liu, S. X, Cai, Y., Xie, K. L., Zhang, W. L., Zheng,
F., et al., Effects of combined aerobic and resistance training
on the glycolipid metabolism and inflammation levels in
type 2 diabetes mellitus. Journal of Physical Therapy
Science. 2015; 27: 2365-2371.

7. De Lemos, E. T., Oliveira, J., Pinheiro, J. P., Reis, F.
Regular physical exercise as a strategy to improve
antioxidant and anti-inflammatory status: benefits in type 2
diabetes mellitus. Oxid Med Cell Longev. 2012; 741545.

8. Harihasudhan, R., Varunkumar, V. Effects of swiss ball
exercise in type 2 diabetes mellitus. Saudi Journal of Sports
Medicine. 2015; 15: 82-85.

9. Subramanian, S. S., Venkatesan, P., Stability ball on
glycemic control in type 2 Diabetes Mellitus. ISSN: 2012;
1(3): 2278-5736.

10. Kang, S. J.,, Ko, K. J.,, Baek, U. H. Effects of 12 weeks
combined aerobic and resistance exercise on heart rate
variability in type 2 diabetes mellitus patients. The Journal
of Physical Therapy Science. 2016; 28: 2088-2093.

11. Egger, A., Niederseer, D., Diem, G. Different types of
resistance training in type 2 diabetes mellitus: effects on
glycemic control, muscle mass and strength. European
Journal of Preventive Cardiology, 2013;20(6):1051-1060.

12. Mardberg, E. Effect of resistance training in patients with
type 2 Diabetes mellitus. Orebro University School of
Medicine C, May 2014., Degree Project., 15 ECTS.

13. Mendes, R., Sousa, N., Themudo-Barata, J., Reis, V. Impact
of a community-based exercise programmed on physical
fitness in middle-aged and older patients with type 2
diabetes mellitus. Gac Sanait. 2016; 30(3): 215-220.

14. Wood, R. J., Elizabeth, C., O Neill. Resistance Training in
Type Il Diabetes Mellitus: Impact on Area of metabolic
Dysfunction in skeletal muscles and potential impact on
bone. Journal of Nutrition and Metabolism. 2012.

15. Subramanian, S. S., Julius, A., Hariharasudan, R. Effects of
physio ball exercises on glycemic control and quality life of
type 2 Diabetes Patients. Bioscience biotechnology
Research Asia. 2014; 11(1): 325-328.

16. Yu, W., Cha, S., Seo, S. The effect of ball exercise on the
balance ability of young adults. The Journal of physical
therapy science. 2017; 29: 2087-2089.

17. Dunstan, D. W., Puddey, I. B., Beilin, L. J., Burke, V.,
Morton, A. R., Stanton, K. G. Effect of a short-term circuit
weight training program on glycemic control in NIDDM.
1998; 40(1): 53-61.

18. Baldi, J. C., Snowling, N. Resistance training improves
glycemic control in obese type 2 diabetic men. Int J Sports
Med. 2003; 24(6): 419-423.

19. Choi, W. J,, Jeon, J. K., Lee, W. Y., Kim, K. B., Ju, H. M.,
Park, S. H., et al., The effects of patterns of proprioceptive
neuromuscular facilitation & swiss ball exercise on static
balance. J. of the Korean Proprioceptive Neuromuscular
Facilitation Association. 2010; 8(2): 25-36.

20. Betul. S., Mutlu, C., Feza, K. Effects of swiss-ball core
strength training on strength, endurance, flexibility, and
balance in sedentary women. Journal of Strength and
Conditioning Research. 2010; 24(11): 3032-3040.

Biomedicine- Vol. 41 No. 2 (Supplementary issue): 2021



