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Abstract

Diabetes is a chronic disease potentially disabling. The purpose of the study was to investigate
the effects of exercise in type II diabetes in obese subjects, both active and sedentary. The study
demonstrates how exercise can be a useful approach to reducing blood glucose levels. In
addition, we monitored changes in some hematochemical parameters at the end of the
intervention. We recruited 90 people aged 35 to 40 years, both males and females. All were type
IT diabetics and were randomly randomized into group A (n=50, sedentary) and group B (n=40,
active). Anthropometric parameters (BMI) and some hematochemical values (blood glucose,
cholesterol, Hb1Ac) were assessed. At the end of the intervention, blood glucose values
decreased from 160/150 (mg/dl) to 130 (mg/dl) in group A, and in group B from 140 (mg/dl) to
120/110 (mg/dl). BMI decreased by 60% in both groups, with greater significance in group B,
of which 60% were obese. The training protocol used demonstrated that exercise combined with
insulin therapy regulates blood glucose levels in obese and non-obese diabetics.
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Diabetes mellitus (DM) is a chronic disease that
includes a group of conditions characterised by increased
blood glucose concentration. Depending on the age of
onset, it is classified into type 1 diabetes mellitus
(TIDM) and type 2 diabetes mellitus (T2DM).! It is
becoming an epidemic in some countries of the world,
with the number of people affected expected to double in
the next decade as the population ages. Is probably one
of the oldest diseases known to man and it was first
reported in Egyptian manuscript about 3000 years ago.
T1DM is a chronic autoimmune disease characterised by
a lack of or inadequate production and/or action of
insulin, due to a dysfunction of the B cells of the
endocrine pancreas and consequent hyperglycaemia.’
There are conflicting studies on the association between
the onset of TIDM and a prolonged increase in body
mass index (BMI) in the paediatric population, identified

at the 85th percentile in growth curves. However,
lifestyle modifications could delay the onset of the
disease in these at-risk individuals.* Although T1DM
manifests itself as an acute event at a young age, the
disease can reveal itself at any age and up to 50% of cases
occur in adulthood.* While, regarding T2DM was first
described as a component of metabolic syndrome in
1988. It is estimated that by 2030, 552 million people will
be affected by DM.’ In this metabolic alteration, age,
gender, obesity, hypertension, genetics, diet, smoking,
alcohol, sedentary lifestyle are risk factors. Several novel
medications are in development, but the greatest need is
for agents that enhance insulin sensitivity, halt the
progressive pancreatic -cell failure that is characteristic
of T2DM and prevent or reverse the microvascular
complications. Various lifestyle factors are known to be
important to the development of the T2DM and of these
obesity is neither an innocent bystander nor an occasional
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accomplice to diabetes, but it is a primary risk factor, in
fact has been found to contribute to approximately 55%
of cases of type 2 DM.2 Seventy percent of the western
population is not active enough to maintain optimal
health and weight. In the last twenty years obesity levels
have tripled, (20% of men and 10-25% of women are
obese). This tendency is caused by a decrease in physical
activity (PA). In the last decade, the attention of the
Italian diabetological community, has focused on the
quality of life (QoL), PA and sports, thanks also to the
promotional impulse given by the Italian Association of
Diabetic Athletes. Various modalities of training can
alter insulin action in a short period of time and an
association of dietary programs, can improve the effects
of the training to reverse the metabolism syndrome. In
addition, numerous studies showed that the effects of
obesity on glucose metabolism lead to impaired glucose
tolerance, the development of insulin resistance and the
consequent damage to the secretory function of p-cells.®
8 Keeping the weight fit is, therefore, a matter of intake
and energy expenditure, because overweight and obesity
develop when the energy intake is higher for a prolonged
period. According to a World Health Organization
(WHO) ranking, the prevalence of obesity in the United
States increased from 30.5% to 41.9% during the period
between from March 1999-2000 and during the same
period between 2017-2020. The WHO defines a normal
weight individual for an BMI 18.5 kg/m2 and < 25
kg/m2, underweight if < 18.5 kg/m2, overweight if 25
kg/m2 and obese if 30 kg/m2. The risk of the T2DM rises
linearly with an increase in body mass index which, in
concert, induces a constellation of metabolic
abnormalities such as dyslipidaemia, cardiovascular
morbidity and mortality. More than 95% of people with
diabetes have T2DM, which is largely the result of excess
body weight and physical inactivity. People with
impaired glucose tolerance (IGT) or impaired fasting
glycaemia (IFG) are at high risk of progressing to T2DM,
although this is not inevitable’. The worldwide increase
in the prevalence of obesity is likely responsible for the
recent increase in the prevalence of type 2 diabetes. A
correct diagnosis is the fundamental prerequisite to
identify the persons to be addressed to the diagnostic and
therapeutic paths of care (PDTA). In T2DM there is a
relative insulin deficiency caused by pancreatic B-cell
dysfunction and insulin resistance in target organs. This
leads to a decrease in glucose transport into the liver,
muscle cells, and fat cells. As a result of this dysfunction,
glucagon and hepatic glucose levels that rise during
fasting are not suppressed with a meal. Given inadequate
levels of insulin and increased insulin resistance,
hyperglycemia results. A diagnosis of diabetes is based
on a fasting blood glucose concentration above 7-0
mmol/L (126 mg/dL), a random blood glucose
concentrate on above 11:1 mmol/L (200 mg/dl) with
symptoms, or an abnormal result from an oral glucose
tolerance test.? The incretins are important gut mediators
of insulin release, and in the case of the glucagon-like

peptide 1 (GLP-1), of glucagon suppression. GLP-1
insulinotropic effects are preserved, and thus GLP-1
represents a potentially beneficial therapeutic option.’
Both classes of agents have shown not only to have the
ability to normalize fasting and post-prandial glucose
levels, but also to improve the functioning and mass of f3
cells. Furthermore, based on the established health
benefits of PA and a healthy diet in a recent review Proia
et al, highlighted the role of these gut peptides in bone
and glucose metabolism. Indeed, they are able to respond
to food intake and trigger regulatory mechanisms in bone
turnover by virtue of the expression of their receptors on
immature human osteoblast cell lines.'” PA and exercise
have beneficial effects on health such as improving
osteo-articular function, metabolic control, and QoL of
people. Autonomic nervous system (ANS) and heart rate
(HR) parameters can be used to analyse subjects' health
and are also used to investigate stress and exercise level.
Specifically, HR spectral analysis clarified the nature of
diabetic autonomic neuropathy and other neurological
disorders that favor ANS.!' Walking is a convenient low-
impact mode of PA and is reported to be the most
performed activity for those with diabetes. 10,000
steps/day are effective at improving glucose tolerance
and lowering blood pressure in overweight, inactive
women at risk for T2DM.° Epidemiological studies have
suggested that environmental factors and lifestyle
changes may be responsible for the increased incidence
of Thyroid Cancer (TC). Potential modifiable TC risk
factors include insulin resistance and hyperinsulinemia.'?
PA has an important impact on cholesterol, blood sugar,
BMI and hbalc in the diabetic. Prolonged exercise has
therapeutic effects. That is why, we chose to apply in our
study, motor protocols for a period of 6 months (Fig. 3,
4, 5, 6). The American College of Sports Medicine and
the American Diabetes Association have recommended
at least 150 min/wk of moderate (50%-70% of an
individual’s maximum heart rate) to vigorous (> 70% of
an individual’s maximum heart rate) PA for patients with
T2DM. The intensity of PA is assessed using the MET
(metabolic equivalent) parameter. 1 MET is equal to the
basal resting metabolic rate and an oxygen uptake of 3.5
mL/kg per minute.!* Controlled and adapted exercise in
diabetes is a therapy, which could prevent the occurrence
of complications associated with disease progression.'4
The aging process leads to a degeneration of muscles,
ligaments, bones and joints, but in the diabetic, you
amplify and add vascular complications that can
aggravate the problem. The WHO states that health is a
state of complete physical, mental and social well-being
and not merely the absence of disease or infirmity. PA
and physical exercise play a fundamental role in
promoting positive lifestyle behaviours, capable of
promoting health and wellness. It reduces the risk of
developing  diabetes and prevents important
complications that can be fatal for the patient's life or in
any case strongly disabling. Regular and moderate



Experimental study on physical exercise in diabetes
Eur J Transl Myol 33 (4) 11560, 2023 doi: 10.4081/ejtm.2023.11560

Table 1. Anthropometric characteristics of participants.

Age (year) BMI Height Gender
Group A 40 £4.6 +<28.78 169.77 + 18.10 cm 20f,30m
Group B 35428 +<23.95 172.88 +15.83 cm 15,25 m

exercise improves the function of the immune system,
reduces environmental and psychological stress,
decreases the demand and administration of
immunosuppressants.'* Moreover, it plays a decisive role
in improving glucometabolic compensation and, in
general, the subject's perception of his or her state of
health, leading to a significant reduction in healthcare
expenditure. A study conducted on QoL in diabetic
patients, who were administered the two tests Sickness
Impact Profile (SIP) and Functional Living Index (FLI),
an index of psychosocial, physical and motor function,
showed that QoL is not only related to the severity of the
disease, treatment and complications, but also to
subcultural elements, representing in fact a surprising
parameter.'® As for our study, we had previously
conducted searches in the scientific literature, which
were in line with our research objective. Although the
results produced highlighted the benefits of sport or PA
in diabetes, on the other hand, we did not find any studies
that considered the interaction of other behaviours (active
vs. sedentary). Therefore, we set out to investigate the
effects of an aerobic exercise programme in reducing
BMI and blood glucose levels in obese subjects with
T2DM, whether active or sedentary.

Materials and Methods

The study recruited 90 patients, 35 females and 55 males
aged 45 years. All participants signed informed consent.
The firm was carried out following the guidelines of
Helsinki and with the con-sent of the ethical committee
of the kore University of Enna (Prot. N. 12722). We have
been recruiting diabetic patients for at least five years,
excluding those who have serious complications from
diabetes. Patients were randomly assigned to two groups:
active or sedentar. Group A (sedentary) aged 40 + 4.6,
weight 70 + 7.83, height: 149.77 = 18.10 cm, and group
B (active) aged 35 + 2.8, weight 65 £ 2.3, height: 145.88
+ 15.83 cm. Participants were selected in relation to the

inclusion criteria and thus type II diabetes being over the
age of 35 years, being in a possible state of obesity and/or
overweight, being available to undergo the study. The
exclusion criteria did not consider individuals who
reported ulcers, amputations in the limbs, age over 50,
heart attack or stroke, neuropathies, vasculopathies,
retinopathy, nephropathy, smokers (current or within one
year). Anthropometric characteristics of participants are
illustrated in Table 1.

The experimental group (n=90) performed the training by
using adapted motor protocol, two times a week, at the
same time of the day, between 10:30 and 12:45. The
duration of the sessions was organized by consulting the
Diabetes Associations.> The protocol was designed by
our multidisciplinary team, involving the sports medicine
doctors, medical doctors, kinesiologists and
posturologists. This choice made it possible to take
charge of the 90 participants and follow them in full
respect of the concept of prevention and health. The
protocol involved active mobilization, muscle
strengthening and stretching exercises. Regular exercise
is a cornerstone of treatment for diabetes. Exercise
training generally improves exercise function in T2D. In
general, PA provides significant general health benefits
and may improve disease outcomes.!” Specifically, the
literature was consulted to define the protocol.'®!?
Aerobic exercises of moderate and intense intensity were
performed because it was noted that moderate to high
volumes of aerobic activity are associated with
significantly lower cardiovascular and overall mortality
risks in both type 1 diabetes and T2D. In contrast,
physical inactivity or sedentarism, is known to have
deleterious health effects in people with diabetes.
Prolonged sitting is typical among the habits of
contemporary society; but the study conducted by Fari et
al.?% points out that hours spent in a sitting position seem
to be correlated with the incidence of articular and
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muscolar pain. From the scientific evidence, two
different training sessions were planned for group A
(inactive) and group B (active). Individuals with T2D had
slower oxygen uptake kinetics with constant load
exercise and had less ability to adapt to circumstances
when oxygenation is required. This involved a high
fatigue and effort for them, even when less physical
exertion is required. The participants of "group B" did
aerobic exercises of higher intensity, as they reacted well
to the physical effort of medium intensity. So, they were
offered aerobic exercises at 75% of the maximum heart
rate, calculated according to the formula of Tanaka.?! The
"group A" performed medium-intensity exercises in the
first phase (first 2 months) and then at high intensity
(<75%). Participants were asked to intensify glycemic
self-monitoring before, during, and after exercise to
avoid the risk of hypoglycaemia. The training sessions of
both groups (duration 165 min) were articulated:
e  Warming-up (20 min)

o Joint mobilizations (5 min)

o Walking (8 min)

o Total body strength (7 min)
Rest (3 min)

e Aerobic exercise (40 min)

o Total body strength (10 min)

o Core training (25 min)

o Lifting handheld weights (5 min)
3 series of 10 repetitions for each exercise with 3 minutes
recovery between a series.

Diabetic Type 2 - welght

T Sedentary Diabetic

Diabetic EXE

Weight Kg

3 month @ month

v - e

Fig 5. Comparison of weight in type Il Diabetes Pre
vs. Post Treatments.

e Postural training (40 min)

o Stretching (10 min)

o Balancing exercise (15 min)

o Core stability training (15 min)

e  Propriocettive training (20 min)

Aerobic exercise of varying intensities is beneficial for
improving dynamic postural control in T2DM people
with/without neuropathy. People of group A were
prescribed a low-calorie diet calculated on the ratio of
basal metabolism to routine energy expenditure, (Harris
and Benedect formula).?> So, in overweight people,
caloric intake was reduced to obtain a negative balance
of 500 kcal/d against energy expended. People of “group
B” continued to follow the daily eating routine with-out
any change in the conductors of the study. The checks
were carried out at time TO, after three months (T1) and
after six months (T2).
The biochemical parameters examined are Body Weight
(BW), BMI, glycaemia, glycosylated haemoglobin
(HbA1C), cholesterol. All dosages were made with the
Clinical Chemestry System ilab 300  Plus-
Instrumentation Laboratory. The HbAlc was measured
with a high-performance liquid chromatography system
using the Hi-AUTO A1C, TM HA 8121 system (DI,
Daiichi, Kogaku, Japan).* The glycaecmia was dosed
using the enzymatic method Test, GLUC (Glucose
Oxidase). The cholesterol was measured using the
enzymatic method IL Test CHOL - 00 18480200. The
BMI was calculated according to the known formula:
Weight (Kg) / height? (mt). In particular, the BMI value
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identifies: underweight (BMI <18.5 kg/m2), normal
weight (BMI 18.5 to 24.9 kg/m2), overweight (BMI 25
to 29.9 kg/m2), and obese (BMI >30 kg/m2).2* The
principal’s characteristics of diabetes are Glucose, BMI,
HbA1C and cholesterol; for this reason, we analyzed this
parameter both in sedentary and active participants.
Obesity is a chronic disease associated to insulin
resistance, diabetes mellitus and altered lipid profile.?
For this reason, we have evaluated in the study also obese
men and women. To assess the reliability of the
methodology, we performed a statistical evaluation of the
comparisons of the methods and instrumental tests
used.?® Correlations were measured using the Pearson’s
product-moment correlation coefficient. When the data
were "normally" distributed the comparison of the
intragroup results was performed with parametric
testing.2

Differences between the assessments results before and
after treatment were analyzed by t-test. Calculations and
tables were all made in SPSS 23. Differences resulting in
a p value < 0.05 were considered statistically significant.

Results

The results summarised in Table 2 indicate that, in group
A (inactive) improvements were less noticeable than in
group B (active). From the monitoring of the four
parameters evaluated every 3 months, we noticed that
cholesterol, blood sugar, BMI and Hb1Ac decreased. (as
shown by the trend of the graphs Figures 1, 2, 3, 4, 5
and6) This is a very important fact because each of these
elements is also influenced by other external factors and
the change could thus be questioned. The graphs below
show the pre/post of the examined parameters. Both
sedentary and active subjects improved with evident
reduction in blood sugar, BMI, HbAcl and cholesterol.
This study provides evidence of the positive effects of
supplementation between exercise, diet and lifestyle
changes on the parameters evaluated.

Comparing the results obtained before and after the
treatments, we found that the glycemic values changed
from 160/150 to 130 (mg/dl) in group A, and from 140 to
120/110(mg/dl) in group B. The BMI of group A changed
from 28.78 to 27.33, while in group B, from £<23.95 to
<23.32.

Discussion

The results presented herein refer to patients completing
the follow-up, since the baseline values carried forward
analysis did not change the estimates. According to the
training program, energy expenditure during the exercise
sessions increased progressively throughout the study.
Studies conducted by other authors,?’?® have shown the
influence of exercise on blood sugar. In 2012 the Big
Blue Test (BBT) confirmed that participation in varying
types, intensities, and durations of exercise generally
lowers blood glucose levels.? Varying types, intensities,
and durations of exercise generally lower blood glucose
levels in most individuals, although exercise of longer
duration is likely most effective, and elapsed time since
eating should be considered.® The results showed that
PA deserves the same attention given to diet and insulin
therapy; both in people with type I and type II diabetes.
Exercise has significant health benefits. The 2020 WHO
guidelines update previous WHO recommendations
released in 2010, highlight the importance of regularly
undertaking both aerobic and muscle strengthen-ing
activities physical activity is better for optimal health
outcomes and provide a new recommendation on
reducing sedentary behaviours.’! Diet is also an
important component that affects health and diabetes.
Poor nutrition is one of the factors that leads to the
development of diabetes. Attempts are being made to
supplement diet and PA, along with health education, to
reduce the negative effects of diabetes, but it is unclear
how the combinations of these can have positive effects.
The results show that activity and exercise must take
place in conditions of good glucometabolic
compensation and with the consequent insulin
adjustment that it requires. The study highlights how
exercise had a therapeutic effect (Figures 1,2,3,4,5,6).
Active lifestyle has been shown to be able not only to
significantly reduce the risk of developing diabetes, but
also to prevent important complications that can be fatal
for the patient’s life.>?

The effects of exercise are beneficial for patients with
T2D because exercise increases the concentration of
GLUT-4 in the cell membrane and increases glucose
uptake in skeletal muscles. Acute exercise increases
glucose tolerance and insulin sensitivity and blood

Table 2. Pre vs. Post Treatment.

Age (year) BMI HbAc1
Pre Post Pre Post Pre Post
40 £ 4.6 40 £4.6 1< 28.78 +<27.33 +160/150 +130 mg/dl
mg/dl
35+2.8 35+2.8 < 23.95 <23.32 + 140 mg/dl +120/110 mg/dI
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glucose reduction within 20-72 h.*} Studies have shown
that acute moderate-intensity endurance training leads to
a reduction in blood glucose levels, whereas light and
short resistance and endurance training shows no effect.
For this reason, it was decided to use a motor protocol of
aerobic exercises of medium intensity. This study has
several strengths and limitations. To our knowledge, this
is the first parallel study that compared active and
sedentary diabetics. Moreover, in the study participants
did not follow only a sport or a specific type of exercise,
but a motor and nutritional protocol of different intensity,
which was adapted to the two groups, despite being the
"same" exercises. Another strong point was the multi-
discipline conduct of the study. The first limitation of the
study was the choice of parameters to be evaluated,
which were too numerous, and the number of participants
involved. Initially they were at least double, but only 90
have completed the 6 months of research. The others
were excluded because they were absent for more than
70% of the total hours planned, so their results were not
reworked nor considered reliable. The second limitation
was not having a QoL test. Subjects said that their daily
lives improved with fewer limitations in daily activities,
they are better off. PA has always been considered one of
the cornerstones of the II types of diabetes therapy along
with diet and drug therapy. Aerobic exercise reduces fat
mass and weight, BMI, cholesterol and HbAC1 in 2TD
people. Our findings suggested that the integration of
exercise into the therapeutic protocols of diabetics, could
be a promising option to improve glycaemic indices and
still be recommended to be included in the routine of life.
Active and healthier lifestyle is the best way to live
healthy and improve your well-being. Both exercise and
diet, in active and sedentary diabetics, is the right
combination as a therapeutic treatment, to prevent
diabetes from worsening the health of those suffering
from it.

In conclusion we feel that an adequate motor protocol,
adapted and variable dosage, can be associated with
insulin therapy and should be prescribed as a drug for
preventive and therapeutic purposes. Thus, we hope to
have made an important contribution to the literature with
the motor protocol proposed and tested.
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