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Abstract
The epidemic of diabetes mellitus has already 
become a serious global health threat. In the 
past three decades, the number of people with 
diabetes mellitus has quadrupled globally, and 
diabetes mellitus is known as the ninth major 
cause of death in the world nowadays. The 
increasing prevalence of type 2 diabetes mel-
litus is in coincidence with the augmentation 
of obesity in most developed countries as well 
as in developing countries. A sedentary life-
style is well-known as one of the major rea-

sons for the rising epidemic of type 2 diabetes 
mellitus besides the other reasons such as 
adopting energy-dense diets relative to the 
actual need for energy and population aging. 
Exercise as a regular physical activity at a 
medium to vigorous intensity is found to be an 
efficient influencer that would switch back 
most of the known type 2 diabetes mellitus 
factors toward healthier positions. Exercise is 
proven to have clinical benefits, such as 
improved insulin sensitivity, reductions in gly-
cosylated hemoglobin (A1C) and increased 
peak oxygen consumption (VO2peak) which 
are definitely preventive toward diabetes. 
Exercise training can favorably affect glyce-
mic parameters, the lipid profile, blood pres-
sure, and high-sensitivity C-reactive protein. 
Exercise improves blood glucose control in 
type 2 diabetes, reduces cardiovascular risk 
factors, and regulates body weight by reduc-
ing body fat percentage and enhancing lean 
mass. In this chapter, the effect of regular 
exercise on the prevention of diabetes and 
short-term glucose and energy metabolism 
will be discussed. In addition, the effect of 
exercise on most common complications of 
type 2 diabetes including cardiovascular dis-
eases, dyslipidemia, nephropathy, neuropathy, 
and retinopathy will be reviewed.
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6.1  Background

Diabetes is classified into four types according to 
the American Diabetes Association: type 1 diabe-
tes, an autoimmune disease induced after pancre-
atic β-cell damage by immune system; type 2 
diabetes mellitus (T2DM), an state of disruption 
in insulin signaling “insulin resistance” and 
simultaneously β-cell exhaustion; gestational 
diabetes mellitus which occurs usually after sec-
ond trimester of gestation without previous dia-
betes symptoms; some rarer types of diabetes due 
endocrine disease drugs side effects [1, 2]. 
International Diabetes Federation estimates more 
than 9% of all adults worldwide now have diabe-
tes mellitus, and this number is growing. Diabetes 
mellitus is a major risk factor of different disor-
ders including renal failure, peripheral neuropa-
thy, retinopathy, and especially cardiovascular 
diseases. The level of glycated hemoglobin A1c 
(HbA1c) seems to be a key predictor of diabetes- 
associated morbidity and mortality; So that 
reduction in serum HbA1c by 1% results in 14% 
lower of myocardial infarctions and more than 
20% decrease in diabetes associated death risk 
[3].

It is well known that metabolic dysfunction in 
T2DM is accompanied with chronic inflamma-
tion [4]. Increase in secretion of inflammatory 
adipokines including leptin and resistin along 
with diabetogenic pro-inflammatory cytokines 
from adipocytes such as tumor necrosis factor- 
alpha (TNF-𝛼) and interleukin-6 (IL-6) are the 
fundamental characteristic of T2DM. The inter-
play between inflammatory mediators and insulin 
resistance is a key to management diabetes. 
Strong evidences have demonstrated that inten-
sive lifestyle changes dedicated on increasing 
physical activity can prevent the occurrence of 
diabetes more effective than pharmacological 
interventions [5]. Exercise is proven to induce 
beneficial changes in glycemic markers such as 

insulin resistance, HbA1C and fasting insulin 
which is definitely preventive toward 
T2DM. Along with these changes, exercise can 
favorably alter the lipid profile, blood pressure, 
and inflammatory markers [6]. Reduction in vis-
ceral and abdominal fat is found to be the major 
link between exercise and insulin resistance 
improvement. The results of aerobic, resistance, 
and combined exercise on obese men showed a 
change in cytokine/adipokine level as well as a 
decrease in insulin resistance [7]. This chapter 
tends to provide an update on the effect of differ-
ent exercise programs on type 2 diabetes-related 
markers, mechanisms of action, and short-term 
and long-term outcomes.

6.2  Classification and Diagnosis 
of Diabetes

Diabetic patients usually fall into one of these 
two categories; type 1 diabetes (5–10% of total 
cases) occurs when the immune system arises 
against pancreas β-cells and insulin production 
increasingly declines to insufficient level. Type 2 
diabetes with 90–95% of all diabetic cases is a 
chronic condition when body becomes resistant 
to insulin action and pancreatic β-cells gradually 
lose the ability to secrete adequate insulin [8]. 
Type 1 diabetes incidence is much more in 
youngsters than adults however, it occurs at any 
age. On the other hand, T2DM has known as a 
disease for adults with low prevalence among 
adolescents. Patients predispose to diabetes com-
monly experience lower level of hyperglycemia 
so-called prediabetes, an asymptomatic treatable 
state characterized by one of the following: (1) 
impaired fasting glucose (100–125  mg/dL), (2) 
2-h plasma glucose 140–199 mg/dL, (3) HbA1C 
5.7–6.4% mg/dL [5]. Plasma glucose or HbA1c 
more than that described for prediabetes is classi-
fied as diabetes. There is a probability that the 
diagnosis of diabetes type becomes unclear espe-
cially at the onset of the disease in adults [9]. 
Although prevalent signs such as polyuria and 
polydipsia are common among type 1 and type 2 
diabetes, a decisive distinction is important. 
Certain diagnostic criteria for type 1 diabetes 
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include the presence of ketoacidosis and using 
βcell-specific autoantibodies.

Gestational diabetes mellitus is the occurrence 
of diabetes usually between 24 and 28 weeks of 
pregnancy in women without previous history of 
diabetes [8]. Gestational diabetes mellitus 
 diagnosis includes the one-step 75-g oral glucose 
tolerance test or two-step approach with a 50-g 
no fasting screen followed by a 100-g oral glu-
cose tolerance test for those who screen positive. 
Cutoff diagnosis for fasting, 1 and 2 h are plasma 
glucose equal or higher than 92 mg/dL, 180 mg/
dL, and 153 mg/dL, respectively [1].

6.3  Treatment Goals

Glycemic goals for adults with T2DM are set 
under 7.5% for HbA1c and less than 130 mg/dL 
for fasting blood glucose according to American 
Diabetes Association (ADA) guidelines [10]. The 
therapeutic strategy should be comprehensive 
and along with pharmacotherapy comprise series 
of self-management education and smoke disuse 
counseling as well as prescribing dietary and 
exercise regimen [11]. Lifestyle management is 
described as an essential approach for diabetes 
care. The combination of physical activity with 
calorie restriction is proven to not only improve 
well-being status but also prevent weight gain in 
the long term and overall morbidity [12]. The 
American Diabetes Association’s recommenda-
tion for prevention or postponement of type 2 
diabetes is annual monitoring for patients with 
prediabetes to diagnose any progression toward 
diabetes. In addition, contributing to an intensive 
physically active lifestyle program to reach and 
maintain minimum 5% weight loss and increase 
moderate-intensity physical activity to at least 
200–300 min/week. There are also recommenda-
tions for using new wearable technologies and 
mobile application to enhance education and or 
encourage patients to follow recommendations 
[13]. Furthermore, the assessment of clinical 
therapies, psychological, physical science, and 
sociology in elderly adults is necessary as part of 
treatment considerations [10]. Patient-centered 
care is critical to achieving optimal medical treat-

ment results and psychological well-being. 
Medical treatment of diabetes necessitates the 
patient’s full adherence to the treatment regimen 
[14]. A major effort suggested to fight against 
diabetes is through weight loss and health behav-
ior changes [12]. Studies investigating perceived 
barriers and facilitators of diabetic patients per-
forming the exercise suggest that supports from 
family members and an overall greater sense of 
well-being and fitness were the main factors 
associated with higher exercise adherence.

6.4  Types of Exercises 
and Physical Activity

Aerobic exercises are activities engaging larger 
muscles and mostly rely on energy generated by 
aerobic metabolism. The aerobic training may 
have mild to vigorous intensity and usually 
involve long duration. Running, jogging, cycling, 
and swimming are a sample of aerobic exercises. 
Resistance training includes activities aimed to 
enhance muscular power and endurance by using 
bodyweight, machines, or elastic bands [15]. 
Stretching exercises tend to increase flexibility 
such as yoga, upper and lower body stretch, and 
calf stretch. Standing on toe, tai chi, and heel to 
toe walk are among balance exercises that help 
especially elders prevent falling.

6.5  Effect of Exercise 
in the Prevention of Diabetes

ADA recommendations for the prevention of 
T2DM include physical activity more than 
150 min/week and dietary intervention in order to 
attain 5–7% weight loss within 3–6  months. 
Similarly, the Diabetes Prevention Program 
(DPP) has recommended a series of behavioral 
and lifestyle modifications to achieve and main-
tain at least 7% of weight loss and 150 min of 
physical activity per week. The intensity of 
 physical activity should be like brisk walking 
[16]. The 7% weight reduction is recommended 
to achieve in the first 6 months of intervention as 
0.5–1  kg weight loss per week the exercise 
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modality is permitted to be personalized and is 
the least assessed change leading to lessen the 
risk of developing diabetes [16]. Widespread evi-
dence resulted from diverse studies across coun-
tries and populations of all ages support the fact 
that exercise training has an effective role in the 
prevention of T2DM through promote insulin 
sensitivity and also changes body mass and com-
position. In this regard, a follow-up study on 
adult Swedish men and Chinese men and women 
with prediabetes showed a reduction in T2DM 
development through exercise intervention. 
Another study comparing the effectiveness of 
exercise and diet modification on T2DM revealed 
similar preventive results. This preventing effect 
was observed with the fact that no significant 
change in the body mass index was detected in 
either of groups [17]. Epidemiological studies 
demonstrated that various intensity of exercise 
throughout the week was associated with a 
decreased incidence of diabetes at long-term fol-
low- up in both genders of different age groups 
[18]. Exercise training is well recognized to have 
an obvious diabetes preventive effect by amelio-
rating metabolism homeostatic, physical fitness, 
cardiovascular health in patients with T2DM 
mellitus and prediabetes. Moreover, to prevent or 
delay the most prevalent comorbidities after 
T2DM diagnosed in older adults such as neurop-
athy, nephropathy,, heart failure, depression, and 
cognitive impairment, targeted exercise prescrip-
tions of different modalities including aerobic, 
resistance, or combined exercise programs have 
been proven to provide significant clinical bene-
fits in all of the mentioned burdens [19]. In a 
study with a diabetes preventive approach, com-
paring the effect of 8 weeks of the aerobic exer-
cise with the high-intensity resistance training on 
body composition and glucose homeostatic of 
obese sedentary adults without diabetes resulted 
in no significant difference within groups, except 
a significant increase in leg lean body mass 
observed within the high-intensity functional 
exercise group [20]. A study exploring the effect 
of leisure-time physical activity on prevention of 
T2DM who were prediabetic based on impaired 
glucose tolerance test. Results from 4 years of 
follow-up indicated that participants who 

increased physical activity with moderate to high 
intensity had 63–65% less chance of developing 
diabetes [21]. In 2015 a systematic review evalu-
ating cost-effectiveness of dietary and physical 
activity promotion program to prevent diabetes 
was published. Of 28 reviewed studies, 22 
reported the cost-effectiveness of the intervention 
program, and the cost was even lower for group 
intervention sessions [2]. Despite the benefits 
and  effectiveness of the lifestyle intervention 
programs, the absence of such programs in com-
munities and low insurance coverage is a serious 
challenge [22].

6.6  Short-Term Effect of Exercise 
on Diabetes

6.6.1  Energy and Glucose 
Metabolism

Physical activity is an energy-consuming action 
and induces much higher energy expenditure 
than resting state. A 77  kg man running with 
8 km/h speed for half an hour burns an additional 
324 kcal to usual energy expenditure. The energy 
source for muscles may change from glucose to 
fatty acids during activity based on the intensity 
of exercise [23]. However, the effect of exercise 
on energy metabolism is not limited to absolute 
energy consuming during exercise period. It is 
well-known that after a bout of exercise, energy 
expenditure stays elevated hours after activity. A 
study on 10 young male participant showed that 
45 min of high intensity aerobic exercise induce 
higher energy expenditure for 14 h post exercise. 
The amount of burnt energy in this period was 
about 40 percent of total energy consumption 
during exercise [24]. The post-exercise increase 
in energy consumption can be stretch out to 22 h 
by replacing aerobic with high intensity resis-
tance training [25]. Another study on overweight 
young adults demonstrated that a resistance train-
ing based on American College of Sports 
Medicine (ACSM) guidelines including one or 
three set of 10 different exercise induced a higher 
resting energy expenditure (about 5%) for 72 h. 
Surprisingly the result showed that one set of 
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exercise (15 min) was as effective as three sets 
(35 min) of the same exercise program [26]. This 
post-exercise energy expenditure is known as 
recovery energy expenditure and as previously 
mentioned is affected by type of exercise and the 
fact that which muscle groups have been trained 
[27]. Recently a skeletal muscle originate protein 
has discovered that induced after physical activ-
ity. The production of this protein so called Irisin 
is controlled by peroxisome proliferator-activated 
receptor gamma coactivator 1-alpha (PGC-1α) 
transcriptional coactivator, which in turn upregu-
lated by exercise. Irisin is proposed as a link 
between physical activity and health benefits of 
therefrom [28]. Increase in circulating irisin level 
is involved in browning of white adipose tissues 
and escalation of the thermogenesis and energy 
expenditure [29]. Despite the fact that irisin is 
secreted from skeletal muscle cells, there is still a 
debate on the effect of different exercise regi-
mens on irisin production based on recent clini-
cal trials [30]. Increased oxidative stress 
following short-term and long-term physical 
training found to inhibit inflammatory processes 
and improve insulin sensitivity by decreasing the 
vaspin serum concentration [31].

6.6.2  Glucose Metabolism 
and Insulin Resistance

Skeletal muscles have two well-controlled mech-
anisms to uptake glucose from the bloodstream 
and both of these mechanisms are dependent on 
glucose transporter type 4 (GLUT4). In the rest-
ing state, translocation of GLUT4 to muscle 
membrane where it imports glucose into the cell 
fully relies on presence of insulin. Insulin signal-
ing consists of rapid phosphorylation of the insu-
lin receptor, insulin receptor substrate-1/2 on 
tyrosine residues, and the activation of phospha-
tidylinositol 3-kinase; however, exercise has no 
effect on any of these actions. Insulin resistance 
disrupts this pathway and reduces the capability 
of insulin target cells to uptake glucose effi-
ciently. However, when a muscle cell is in a con-
tracting during exercise, second pathway is 
activated. Though the exact underlying mecha-

nism of exercise stimulating effect on GLUT4 
translocation is not fully understood, it is known 
that the pathway is independent of insulin. 
Shortly various changes in energy levels in con-
sequence of muscle contraction such as increased 
AMP/ATP, increases in intracellular Ca2+ level, 
increased reactive oxygen species, and Protein 
Kinase-C which cause activation of various sig-
naling cascades, some of which are likely acting 
as activator of GLUT4 translocation [32]. Despite 
different key regulators (contraction vs insulin 
signaling) some molecular signaling is common 
between two pathways [33]. Interesting results of 
the first animal studies in this area showed that 
knock out insulin receptors in skeletal muscle of 
mice had no deficit in glucose uptake stimulated 
by exercise [34]. In addition to distinct mecha-
nism of glucose uptake by muscle cells, the 
increase in blood flow due to exercise in muscle 
tissue increase glucose availability contributes to 
higher glucose consumption. Improvement of 
glucose metabolism may be extent to insulin 
action by the exercise. Cassidy et  al. demon-
strated high-intensity intermittent training 
improves peripheral insulin sensitivity in 72  h 
after the last workout bout and attributed this 
action to accelerate glycogen breakdown and 
synthesis [35]. Way et  al. conducted a study to 
explore the effect of systemic training on insulin 
sensitivity in T2DM patients and if the short inac-
tivity period changes the insulin sensitivity after 
exercise. They observed that exercise group had 
significantly higher insulin sensitivity than con-
trol group that lasts for 72 h after last training ses-
sion during inactive period [36].

Several studies demonstrated acceleration of 
insulin sensitivity induced by the increase in 
insulin-sensitive glucose transporter on the cell 
membrane and oxidative enzymes in skeletal 
muscle. Obese diabetic patients benefit from 
increased physical activity by the increase in 
muscle oxidative capacity, increase in muscle 
mass, decreased blood glucose level, and 
decreased deposition of total fat [12]. 
Observations have shown that aerobic exercise 
even at a low intensity, which lasts 60 min, would 
enhance insulin action for at least 24 h in obese, 
insulin-resistant adults. It affects by increasing 
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oxidative capacity, lipid, and glucose metabo-
lism, and insulin sensitivity [8].

A suggested strategy in order to avoid post-
prandial hyperglycemia in diabetic patients is to 
benefit the glucose-lowering effect of exercise by 
performing the session approximately 1 h after a 
meal to compensate with peak postprandial rise 
in glucose [19]. Recorded evidence has shown 
that systematic training programs statistically 
and clinically affected the glycemic level in a 
favorable way, and this change has nothing to do 
with weight loss [37]. A great decrease in blood 
glucose after exercise intervention was observed; 
doing exercise causes a decrease in peripheral 
insulin resistance which leads to increase in 
peripheral glucose uptake, while liver glucose 
production remains the same [7].

Exercise may induce hypoglycemia more 
likely in patients with type 1 diabetes and unlike-
lier in T2DM patients using insulin or insulin 
secretagogue medications. It is suggested to per-
form a short-term (10 s) high-intensity sprint or 
bouts before, after or between a modest-intensity 
exercise session in addition to insulin and dietary 
carbohydrate change to protect against exercise 
induced hypoglycemia. Nocturnal hypoglycemic 
events may also occur typically within 6–15  h 
post-exercise, although risk can extend out to 
48 h which can be avoided by insulin and carbo-
hydrate dose and uptake timing adjustment and 
permanent glucose monitoring [8].

6.7  The Long-Term Effect 
of Exercise on Diabetes

Type 2 diabetic patients are 14.6  years earlier 
exposed to the risk of coronary heart disease, 
peripheral vascular disease and stroke. Diabetes 
mellitus also causes impaired renal function, 
induces albuminuria, and decreased estimated 
glomerular filtration rate. In addition, patients 
with T2DM are susceptible to other complica-
tions like retinopathy, gastrointestinal motility 
dysfunction, and even cognitive function and 
mental health disorders [5]. In addition to all of 
former complications, diabetes is strongly linked 
with oxidative stress and inflammation. 

Inflammation and insulin resistance are known to 
amplify each other. This chronic state of inflam-
mation is involved in incidence of different 
diabetes- associated complication including the 
risk of cardiovascular and renal damage [38]. 
Insulin resistance is found to be related to skele-
tal muscle mitochondrial dysfunction. It is 
observed that mitochondrial content and activity 
enhancement alongside insulin sensitivity is 
achieved by endurance exercise training. 
Moreover, skeletal muscle GLUT4 is observed to 
be increased with endurance exercise training 
this effect is a cause of the muscle glucose uptake 
increased [32]. When Van Germet et  al. com-
pared the effect of 6–7% weight loss via exercise 
or hypocaloric diet on inflammatory marker in 
inactive, and overweight/obese postmenopausal 
women. They reported that despite significant 
decrease in circulating levels of the inflammatory 
marker, high sensitive c-reactive protein and 
leptin in both groups; Exercise were found to 
have more beneficial effect on high sensitive 
C-reactive protein due to altering body fat and fit-
ness [39]. Evaluations on groups of sedentary 
T2DM adults after performing 10–20-min train-
ing three times per week for 6 weeks of high- 
intensity functional training, showed a significant 
increasing in beta-cell function, while decreasing 
fat storage, preserving lean body mass, improve-
ments of cardiovascular health, lipid metabolism, 
and LDL cholesterol plus increased insulin sensi-
tivity [20]. Interventions of exercise alone in 
patients with T2DM have proved to be effective 
in terms of prevention consisted of improvements 
in the management of blood glucose levels, body 
weight, lipids, blood pressure, cardiovascular 
disease, mortality, and overall quality of life [32].

6.7.1  Blood Glucose Control

Besides the acute and independent effect of phys-
ical activity on blood glucose, chronic exercise 
ameliorates insulin resistance and glucose con-
trol [40]. Resistance exercise may enhance glu-
cose uptake during inactive stats by hypertrophy 
of skeletal muscle mass, a responsive tissue to 
insulin signaling. After comparing 12  weeks of 
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aerobic, resistance, and combined exercise in 
T2DM patients, a glucose level of all three exer-
cise group was decreased however these changes 
were significantly greater in patients performed 
combined exercise [7]. A meta-analysis study 
comparing several trials results showed that all 
intensities resistance exercise significantly 
reduced HbA1c [3]. Additionally, aerobic, resis-
tance, and combined protocols of trainings favor-
ably changed A1C [6].

6.7.2  Bodyweight Management

The prevalence of overweight or obesity is high 
in patients with T2DM.  This excessive weight 
comes with a burden. Improvements in body 
composition by the time in order to the elimina-
tion of weight burden on joints in overweight 
patients and decreasing eventual joint pain by 
exercise may have resulted in better exercise 
adherence [19]. The metabolic improvements 
caused by exercise training in type 2 diabetes 
patients are mostly attributed to decrease of vis-
ceral adiposity rather than weight loss in general 
[19]. In a study evaluating the impact of physical 
activity on diabetes risk factors an inverse asso-
ciation between physical activity and BMI and 
prevalence of overweight was found [41]. 
Exercise reduces body fat percentage which was 
justified the consequential decrease homeostasis 
model assessment of insulin resistance and a sig-
nificant increase in serum omentin-1 [7]. 
Omentin-1 is an adipocytokine produce mainly 
from omental and epicardial adipose tissue. 
Although the effect of omentin-1 on pathogene-
sis of insulin resistance and diabetes has not been 
proven, studies have revealed that lower serum 
omentin-1 is related to increased incidence of 
diabetes [42].

Physical inactivity is reported to definitely 
incite accumulation of visceral fat, inflammation 
and metabolic disorders [43]. Physical activity, as 
a strategy used to reduce body weight, is effective 
in correcting the alterations in insulin sensitivity, 
appetite, serum omentin-1 concentration induced 

by overweight and obesity. In addition, weight 
reducing the effect of exercise lowers serum con-
centrations of vaspin which may lead to inhibi-
tion of inflammatory processes and insulin 
resistance [31]. Decreased liver and visceral fat 
which plays a key pathogenic role in type 2 dia-
betes patients was an achievement of Cassidy 
et  al. study, evaluating the effect of vigorous 
intermittent exercise program on regional fat 
deposition in patients with T2DM.  Therefore, 
they suggested that high-intensity intermittent 
exercise is an effective strategy to decrease liver 
fat in type 2 diabetes patients plus the modest 
improvements in glycemic control [35]. The 
magnitude of exercise training on the body fat 
mass varies according to the type, volume, and 
intensity of the protocol. Physical activity gener-
ally has been reported to cause adaptations in 
white adipose tissue, such as shrinking cell size, 
adipocytokine secretion, and modification of 
inflammation [20].

6.7.3  Hypertension

Previously, the effect of physical activity on 
blood pressure of diabetic patients was investi-
gated. This cross-sectional study on 1766 person 
has demonstrated that diabetic active patients 
have significantly lower blood pressure than dia-
betic inactive patients [44]. Physical activity and 
diastolic blood pressure are found to have an 
inverse relationship whereas patients with high-
est active lifestyle had lowest prevalence of 
hypertension [41]. Clinical trial study on diabetic 
hypertensive patients showed that even single 
bout of aerobic exercise with maximal intensity 
results in 8 h of post-exercise lower blood pres-
sure [45]. Patients with T2DM are more suscep-
tible to exercise hypertension. Although exercise 
is proven to be beneficial to diminish and control 
hypertension, poorly controlled hypertensive 
T2DM patients are recommended to avoid high- 
intensity training, particularly resistance exer-
cises [19].
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6.7.4  Dyslipidemia

It is estimated that 30–60% of T2DM patients 
struggle with dyslipidemia [46]. Increase in 
serum triglyceride, VLDL, IDL and decrease in 
HDL cholesterol are the common changes in 
lipid profile among diabetic patients. Unlike type 
1 diabetes, severe glucose control in T2DM does 
not lead to normal lipid profile [47, 48]. Along 
with routine therapies for dyslipidemia such as 
pharmacotherapy studies have evaluated the 
effect of exercise intervention. Physical activities 
have long been known as an effective strategy to 
modify dyslipidemia. Contributing the obese and 
overweight groups of adults in a study with 6 and 
12 weeks of moderate exercise showed that regu-
lar exercise in overweight subjects decreases 
HDL-c, leptin, adiponectin and resistin levels and 
diastolic blood pressure. In the obese group, reg-
ular moderate exercise lowered the level of HDL- 
c, homocysteine, leptin, resistin, IL-6, and 
adiponectin [49]. In addition, Shakil-ur-Rehman 
et al. evaluated the effect of 25 weeks of super-
vised structured aerobic training on serum lipid 
profile. The results of this study suggest a favor-
able change in patients received exercise inter-
vention in comparison with control groups [50]. 
In another clinical trial, even mild to moderate 
intensity of exercise as usually performed in yoga 
training was effective in improving dyslipidemia 
in diabetic patients [51].

6.7.5  CVD Risk

The evidence from a large cohort study firmly 
indicates that people with T2DM are at high risk 
of different cardiovascular diseases including 
peripheral arterial disease, heart failure, and isch-
emic stroke. A previous meta-analysis study 
investigated the effect of exercises of CVD risk 
factors indicated that aerobic exercise alone or in 
combination with resistance exercise leads to bet-
ter glycemic control, systolic blood pressure, tri-
glyceride, and waist circumference which are 
CVD risk factors. In addition, results showed that 
resistance exercise alone may not induce similar 

improvement on CVD risk factors as aerobic 
exercise did [52].

Cassidy et  al. conducted a study to examine 
the effects of high-intensity intermittent exercise 
on cardiac function, fat deposition, and glycemic 
control in patient with T2DM. They found that an 
intermittent training program increased left ven-
tricular wall mass; they explained that this physi-
ological hypertrophy is a significant effect of 
exercise that is empowering the cardiac contrac-
tile capabilities and should not be confused with 
“pathological hypertrophy.” Unlike physiological 
hypertrophy, pathological hypertrophy occurs 
with an increase collagen accumulation in car-
diac tissue. T2DM patients have reduced cardiac 
contractile function. This study showed that exer-
cise training could improve end-diastolic blood 
volume, systolic and diastolic function and 
reduce peak torsion. The researchers suggested 
that high-intensity intermittent training could be 
an effective strategy to reverse cardiac dysfunc-
tion [35]. Evidence-based results of some studies 
showed that aquatic exercise improved exercise 
capacity, cardiovascular system, metabolic pro-
file, and muscle function high level of exercise 
training in patients with T2DM [53]. For diabetic 
patients with sedentary lifestyle history and addi-
tional cardiovascular risk factors, cardiac screen-
ing comprising a stress test to avoid the eventual 
risk of cardiac events during exercise is recom-
mended [19]. Modulations of exercise, in any 
stage of treatment, are considered as a potential 
non-pharmaceutical therapy to improve cardiac 
structure and function [35]. Chronic inflamma-
tion is involved in CVD pathogenesis. Regular 
exercises are feasible treatment strategy toward 
reducing risk of CVD in patients with T2DM. One 
of the underlying mechanisms is regulation of 
inflammatory cytokines production. Exercise 
may directly reduce the inflammatory cytokines 
secretion, for example, reducing body fats or 
indirectly suppressing the inflammation by 
upregulating anti-inflammatory cytokines like 
IL-10 [43]. Muscle has been recognized as an 
endocrine tissue and is able to influence other 
systems such as the immune system. Generally, 
acute bout of exercises is proven to induce an 
immediate pro-inflammatory response and some 
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of the anti-inflammatory molecules at the same 
time. Prolonged and regular exercise might 
improve an anti-inflammatory activity and atten-
uates the acute response to exercise, which is 
probably involved in decrease the risk of inflam-
matory induce diseases such as atherosclerosis 
[54]. A recent study comparing aerobic and resis-
tance exercise showed that both of these training 
programs are effective against cardiovascular 
autonomic abnormalities among diabetic patients. 
Though, no significant difference between aero-
bic and resistance exercise was reported [55].

6.7.6  Retinopathy

As one of the most common complications of 
diabetes, retinopathy pathogenesis depends on 
fasting blood glucose and the daily glycemic 
fluctuation. Patients with good glycemic control 
have lower risk to develop retinopathy [56]. 
Observational studies have demonstrated that the 
severity of retinopathy among diabetic patients is 
reversely correlated with physical activity. 
Therefore, patients with proliferative diabetic 
retinopathy are the less active of all evaluated 
groups. Interestingly the analysis of data showed 
that beneficial effect of physical activity is inde-
pendent of HbA1c level [57, 58]. Similarly, the 
results of a 10-year prospective cohort of diabetic 
patients indicated that patients with higher physi-
cal activity are less likely to suffer from diabetic 
retinopathy [59]. Prescription of exercise and 
activity should be considered with caution, as 
high intensity of aerobic or resistance exercise 
may increase the risk of vitreous hemorrhage or 
retinal detachment [37].

6.7.7  Nephropathy

Aerobic exercise training is convincingly 
reported to decrease urine protein excretion likely 
due to improved glycemic control and reducing 
blood pressure. However, depending on the 
amount of blood pressure acute rise by exercise, 
there is a probability of an acute increase in uri-
nary protein excretion. Resistance exercise train-

ing also seems to be of benefit in the glomerular 
filtration rate [37]. It is shown that combination 
of calorie restriction and exercise regimen in type 
2 diabetic patients leads to mild weight loss of 
6% and improvement of kidney function [32]. In 
addition, an animal study on obese diabetic rat 
models showed that 10 weeks of treadmill run-
ning caused a significantly less glomerular 
mesangial expansion and tubule-interstitial fibro-
sis in comparison with sedentary control group. 
Furthermore, exercised rats had significantly 
lower plasma advanced glycation end products 
such as Nɛ-carboxymethyllysine [60]. Regarding 
the increased risk for cardiovascular disease by 
microalbuminuria and proteinuria, it is recom-
mended to perform an exercise electrocardio-
gram stress test in individuals with these disorders 
plus sedentary lifestyle history whenever aimed 
to begin exercise at a higher level intensity than 
the everyday living activities [37].

6.7.8  Neuropathy

Diabetes peripheral neuropathy is commonly 
associated with multiple issues such as pain, 
infection, sensory loss and risk of falling. A study 
following a 1-h session per week of a supervised 
Tai Chi practice intervention for 12 weeks found 
significant improvement in all mentioned symp-
toms of neuropathy including sensory function, 
balance, and plantar sensory perception in addi-
tion to glucose controlling effect and musculo-
skeletal and cardiovascular fitness. The study 
suggests that Tai Chi exercise improve diabetes 
peripheral neuropathy patients control their pos-
ture, physical fitness and preventing falls. Another 
study found that moderate-intensity treadmill 
running was a key in reversing the progression of 
diabetic peripheral neuropathy [61]. A clinical 
trial on patients with T2DM without neuropathy 
symptoms carried out to investigate the effect of 
aerobic and resistance exercise.

Peripheral neuropathy reduces sensation in 
the hands and feet of patients with T2DM, conse-
quently, their awareness of eventual sores that 
may happen during impact-full activities even 
walking or running will be affected. In this 

6 Exercise and Type 2 Diabetes



100

regard, proper footwear, routine foot supervision, 
and low-impact exercises such as cycling, swim-
ming, and resistance training are necessary for 
patients with peripheral neuropathy, peripheral 
vascular disease and are advised [19]. Recently a 
systematic review evaluated 12 randomized clini-
cal trials on the effect of aerobic exercise on 
nerve function of patients with T2DM.  Despite 
heterogeneity of exercise protocols, 11 studies 
have reported the beneficial effect of aerobic 
training on nerve function [62].

6.8  Efficacy of Different Exercise 
Regimen on Type 2 Diabetes

6.8.1  Aerobic

The effect of aerobic exercise on a different 
aspect of T2DM has been assessed in several 
studies. These aspects will be discussed in fol-
lowing. Studies on the effect of aerobic exercise 
on glycemic control have shown that regular 
training induces favorable alteration in fasting 
blood glucose, glycated hemoglobin A1C, and 
insulin sensitivity [6, 63–65]. In addition, aerobic 
exercise could interfere with complications 
emerged with diabetes such as dyslipidemia, 
hypertension, nephropathy, and CVD. Moreover, 
studies have revealed that regular adherence to 
exercise enhances the quality of life in diabetic 
patients [66].

Aerobic exercise is shown to acutely increase 
muscle glucose uptake up to fivefold by insulin- 
independent mechanisms. If exercise prolonged, 
muscle glycogen repletion post-exercise demand, 
holds glucose uptake elevated for about 2  h by 
insulin-independent and up to 48  h by insulin- 
dependent mechanisms. The short duration of 
near-maximal intensity aerobic exercise (20 min) 
may cause about 24  h of post-exercise insulin 
action improvements [8]. Aerobic training is a 
very consistently reported physical activity to 
improve glycemic control, insulin resistance and 
dyslipidemia in patients with type 2 diabetes [3]. 
The results of several studies comparing the 
effect of different kinds of exercise on quality of 
life indicated improved physical activity, gluco-

metabolic control, patients’ feeling of physical 
and mental well-being, leptin and adiponectin 
levels, HbA1c, body fat percentage. The aerobic 
exercise can safely and effectively improve the 
quality of life of in patients with T2DM [61]. De 
Castro et al. investigated the effect of 12 weeks of 
resistance, aerobic, and combined exercise on 
diabetes-induced rats. They found reduction 
abdominal fat storage and increase serum adipo-
nectin and omentin. In addition, exercised rats 
performed much better in controlling blood glu-
cose as well as decrease in IL-6 and CRP serum 
concentration [67]. Aerobic exercise when com-
pared with the resistance and combined training 
protocols was more effective in reducing abdom-
inal fat deposits, preventing hyperglycemia, 
decrease in serum IL-6 and CRP and increasing 
circulating adiponectin and omentin in the vis-
ceral adipose tissue [20].

6.8.2  Resistance

Evidence from several clinical trials raised a 
debate on effectiveness of resistance exercise on 
handling glycemic abnormalities. Few studies 
such as McGinley et al.’s [68] meta-analysis has 
reported that despite all benefits from strength 
exercises, no significant improvement in HbA1c 
gained after using resistance bands. However, 
noteworthy research studies claimed different 
outcomes. Recent studies emphasizing the impor-
tance and necessity of systematic resistance exer-
cise in efficient controlling of insulin action and 
management of blood glucose and other cardio-
vascular risk factors [3]. Both aerobic and resis-
tance training is proven to create fitness in 
skeletal muscle, adipose tissue, and liver, and 
regulated insulin sensitivity which is dependent 
on weight loss. 150 min per week of resistance 
working out with machines or free weights 
showed decrease in A1C by 0.57%. However, 
aerobic exercise showed a significantly greater 
reduction (difference of 0.18%) of A1C com-
pared with resistance exercise [8]. In the case of 
older patients, even low-intensity resistance exer-
cise for 16 weeks results in gaining muscular size 
and strength and significantly better glucose con-
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trol [69]. A published research surveying pro-
gressive resistance training in adult participants 
with T2DM demonstrated that exercised partici-
pants had a significant improvement in mental 
health status along with attenuated body. 
Considering the fact that there were also studies 
that found no significant change, the effect of 
strength exercise on the quality of life in patients 
with T2DM was considered to be uncertain [61].

It was observed that participants who per-
formed either resistance exercise alone or com-
bined resistance and aerobic exercise consisted of 
longer time adherence than those randomized to 
only aerobic exercise. Resistance exercise par-
ticipants also reported more sense of enjoyment 
and more support from their trainers. This might 
explain their greater long-term exercise adher-
ence. Participants who remained adherent to 
exercise over time documented to have the same 
barriers to exercise such as work commitments, 
weather and illness/injury, but they benefited 
more facilitators including perceived health ben-
efits, family support and use of strategies to 
maintain activity level, when were compared 
with those whose exercise adherence diminished 
over time [14].

6.8.3  Combined

Combined training is found to be the most effec-
tive for the aim of glycemic control when com-
pared to either aerobic or resistance training 
alone [8]. Results from several studies docu-
mented improvements in anthropometric and 
biochemical parameters including increased 
muscle mass, better glycemic control, decreased 
in total intra-myocytic fat. In addition, patients 
receiving combined exercise had higher fatty 
acid oxidation capacity, physical function and 
mental health [61]. Most of the studies demon-
strated that achieving both aerobic and resistance 
exercise by diabetic patients results in the stron-
gest effect on increasing insulin sensitivity com-
pared with when doing only aerobic exercise [7]. 
Interesting evidence demonstrated that resistance 
exercises, being less efficient in reducing serum 
glucose than aerobic workout when is performed 

prior to aerobic exercise at the same session. 
Results in greater stability in glucose levels, and 
less hypoglycemic experiences, both during the 
exercise session and after its completion, were 
reported in combined exercises [70].

6.9  Physical Activity 
Recommendation 
for Patients with Type 2 
Diabetes

Since the challenges related to controlling blood 
glucose depend on diabetes type, activity type, 
and presence of diabetes-related morbidities, 
exercise recommendations should be designed to 
achieve the precise necessities of each person [8]. 
According to the American Diabetes Association 
recommendation for youngsters with type 1 or 
type 2 diabetes should have moderate- or high- 
intensity aerobic exercise for 60 min or more per 
day. It is recommended to resistance exercise for 
at least 3  days per week to strengthen muscles 
and bones. Type 1 and type 2 diabetic adults 
should follow moderate- to high-intensity aero-
bic exercise for 150 min or more per week in at 
least 3 sessions per week and a 2-day rest for 
recovery. Performing high-intensity or interval 
training depending on individual fitness level 
may need shorter duration: at least 75 min/week 
and 2–3 sessions/week of strength training on 
nonconsecutive days is also recommended. 
Additionally in order to increase flexibility, mus-
cular strength, and balance, flexibility and bal-
ance training such as yoga and tai chi are 
recommended 2–3 times/week for older adults 
with diabetes [11]. For patients with T2DM and 
or prediabetes in order to prevent or manage the 
progression of the disease morbidity a minimum 
of 210 min/week of moderate-intensity exercise 
or 125 min/week of high-intensity exercise rec-
ommended. Exercise intensity should be selected 
depending on disease level, health condition, and 
primary individual fitness evaluation [19]. Given 
that performing aerobic exercises, such as jog-
ging, brisk walking, cycling, and swimming, 
engages large and multiple groups of muscles, 
relatively prolonged periods of performing time 
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are required. In relation to morbidity and com-
mon health complications of type 2 diabetes 
patients such as being obese or overweight with 
physical disability, vision difficulty, or cardiovas-
cular burdens, it is almost infeasible to achieve 
the adequate volume and intensity of the aerobic 
exercise to meet the expected results. On the 
other hand, resistance exercise especially high- 
intensity progressive resistance workout can be 
performed in a residential setting. Hence resis-
tance exercises are more achievable and a safe 
choice for inactive older diabetic patients to 
achieve the goal without additional difficulties. 
Strength exercise should be carried out at 75–85% 
(1 RM) using muscular strength to move a weight 
or to work against a resistive load in a more 
adjustable way.

6.9.1  Type/Intensity/Duration

Moderate to high intensity aerobic exercise has 
been shown to reduce the risk of cardiovascular 
disease, thereby reducing the mortality of type 1 
and type 2 diabetes. In type 1 diabetes, aerobic 
exercise improves the quality of life of patients 
by increasing cardiorespiratory fitness, reducing 
insulin resistance, and improving blood lipid lev-
els and endothelial function. In patients with type 
2 diabetes, exercise training result in lower A1C, 
triglycerides, blood pressure and insulin resis-
tance. In order to promote skeletal muscle oxida-
tive capacity, insulin sensitivity and glycemic 
control in type 2 diabetic adults, high intensity 
interval training (HIIT) can be performed. In 
addition, diabetes is known to be a factor that 
causes low muscle strength and accelerates mus-
cle strength and functional decline, so it is neces-
sary to participate in resistance exercise to 
improve muscle mass, body composition, fitness, 
bone mineral density, metabolic constants, and so 
on. On the other hand, resistance exercise can 
reduce blood glucose in patients with type 1 dia-
betes. Therefore, in combination with resistance 
and aerobic exercise in one exercise, it is recom-
mended to perform resistance exercise first to 
lower blood glucose. Due to the formation of 
advanced glycation end products, these terminal 

glycation end products accumulate and acceler-
ate during normal aging, so it is common to have 
limited joint mobility in elderly patients with 
T2DM. Therefore, flexibility training or balance 
training can increase the range of motion around 
the joints to reduce the risk of falling. In the case 
of peripheral neuropathy, yoga and tai chi are rec-
ommended to improve symptoms and quality of 
life. High-intensity physical exercise may bring 
some health risks to diabetic patients, including 
acute complications such as heart disease and 
hyperglycemia. For those who wish to increase 
their exercise intensity, it is recommended to 
exercise under medical supervision. However, if 
you want to do low- or medium-intensity physi-
cal exercise, you do not need medical monitoring 
before exercise. Most international guidelines 
recommend 3–7 days per week, at least 150 min 
per week for moderate to strong exercise, or more 
than 75 min per week for aerobic exercise. It is 
recommended to perform moderate to resistance 
exercise 2–3 days per week. Resistance exercise 
while performing flexibility and balance exer-
cises such as yoga and Tai Chi was recommended. 
For each type of exercise, time and individual 
abilities should also be considered, and intensity 
and time should be appropriately increased and 
supervised by an exercise physiologist with 
knowledge of diabetes or a certified fitness pro-
fessional. Proper exercise can lead to increased 
body heat and elevated core temperatures, result-
ing in increased blood flow and increased sweat-
ing. This can lead to poor glycemic control, 
neuropathy, dehydration, and heat-related dis-
eases. Due to changes in joint structures related 
to glycemic excursions, and in order to prevent 
exercise-related overuse injuries and excessive 
aggravation to joint surfaces and structures, exer-
cise training progression for individuals with dia-
betes should apply appropriately and personalized 
programs, particularly when taking statin medi-
cations for lipid control. Additionally, patients 
with peripheral neuropathy contributing exercise 
should take proper foot care and be supervised to 
prevent, and detect eventual problems early to 
reduce the risk of ulceration and amputation. 
Patients with a sign of progressive retinopathy 
should avoid vigorous aerobic or resistance exer-
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cises, such as jumping, jarring, headstand, and 
breath-holding activities [8].

Taking together, diabetic and prediabetes indi-
viduals are strongly advised to contribute a regu-
lar exercise in a personalized mode and intensity 
at least for 150  min per week. To avoid any 
adverse effects, patients need to consult with and 
be supervised regularly by expert physiologists to 
prescribe an appropriate individualized exercise 
program and follow-up. It is obviously necessary 
to have social and family support to keep adher-
ence to medical care alongside physical activity 
to meet the expected management and control of 
the disease.
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