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N o G W

Abstract: Type 2 diabetes mellitus (T2DM) is a metabolic disorder associated with insulin resis-
tance and hyperglycemia. Chronic exposure to a T2DM microenvironment with hyperglycemia,
hyperinsulinemia, oxidative stress and increased levels of proinflammatory mediators, has negative
consequences to the cardiovascular system and mental health. Therefore, atherosclerotic cardiovas-
cular diseases (CVD) and mental health issues have been strongly associated with T2DM. Lifestyle
modifications, including physical exercise training, are necessary to prevent T2DM development and
its associated complications. It is widely known that the regular practice of exercise provides several
physiological benefits to subjects with T2DM, such as managing glycemic and blood pressure levels.
Different types of exercise, from aerobic to resistance training, are effective to improve mental health
and cognitive function in T2DM. Irisin is a myokine produced in response to exercise, which has
been pointed as a relevant mechanism of action to explain the benefits of exercise on cardiovascular
and mental health in T2DM patients. Here, we review emerging clinical and experimental evidence
about exercise-linked irisin consequences to cardiovascular and mental health in T2DM.
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1. Introduction

Type 2 diabetes mellitus (T2DM) is a metabolic disorder characterized by the presence
of insulin resistance that leads to hyperglycemia and increased hemoglobin Alc (HbAlc)
levels [1,2]. The incidence of T2DM is increasing at alarming rates. Eighty million adults
have prediabetes in the United States, and approximately 12% of the adults have diabetes,
90% to 95% of whom have T2DM [1]. The T2DM epidemic is one of the main causes
of mortality and morbidity worldwide, where tissues such as muscle, fat and liver are
less responsive or resistant to insulin [3]. The International Diabetes Federation estimates
that almost 200 million people are undiagnosed worldwide and are, therefore, with a
higher risk of developing several physiological complications [4]. Many of these people are
pre-diabetic individuals. The term pre-diabetes is normally used to describe individuals
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impaired glucose tolerance that did not reach or passed the T2DM parameters [5]. Pre-
diabetes is a predictive of T2DM being associated with an increased risk for developing
cardiovascular diseases (CVD) [6].
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Atherosclerotic CVD and mental health issues have also been strongly associated to
the development of T2DM [7,8]. Aging is considered to be one of the main risk factors
for T2DM [9]. It has been reported that a sedentary behavior, commonly seen in subjects
with T2DM, is associated with many deleterious health outcomes [10]. Preventing T2DM
development and treating its associated consequences should focus on lifestyle modifica-
tions [4,8]. Among these lifestyle modifications, exercise is a proven form of preventing
and managing T2DM [11].

It is widely known that the regular practice of exercise provides physiological benefits
to subjects with T2DM, such as a better blood glucose and blood pressure control [12-14].
Different types of exercise, from aerobic to resistance training, have been shown to be
effective to improve mental health and cognitive function in T2DM [15,16]. The isolated
effect of exercise as prevention and treatment against T2DM is largely documented [13-16],
however little is known about how irisin, a myokine produced in response to exercise, [17]
acts on cardiovascular and mental health in T2DM.

Irisin is upregulated by aerobic and resistance exercise [18]. Exercise induces the
expression of the nuclear transcriptional co-activator peroxisome proliferator-activated
receptor-y co- activator-1-« (PGC-1«) in skeletal muscle fibers [8]. In response to exercise,
PGC-1a leads to the production of the fibronectin type III domain containing 5 (FNDC5)
protein, which is cleaved and generates irisin. It has been reported that irisin modulates
peripheral metabolism and increases the level of several anti-inflammatory proteins in the
brain [19]. It is expected that exposure to hyperglycemia, hyperinsulinemia, oxidative stress
and proinflammatory mediators, hallmark features of T2DM, might have consequences to
cardiovascular and mental health. Here, we review emerging clinical and experimental
evidence about exercise-linked irisin consequences to cardiovascular and mental health
in T2DM.

2. Molecular Mechanisms of T2DM

T2DM main feature is insulin resistance that occurs through phosphoidilinositol-3-
kinase (PI3K) pathway impairment [2]. The PI3K pathway begins with a binding between
the insulin hormone and its receptor. The insulin receptor has four subunits (2« and 23).
The « subunit inhibits the tyrosine kinase activity of the 3 subunit. Upon insulin binding
to its receptor, the « subunit is inhibited and the 3 unit is allowed to exert its kinase
activity. Insulin receptor substrates (IRS) are activated, but only IRS-1 and IRS-2 regulate
glucose metabolism. IRS will activate PI3K, a dimmer compound by p85 and p110 proteins.
Then, IRS phosphorylates p85, leading to the activation of p110 and PI3K phosphorylates
activated kinase tyrosine (AKT) (Figure 1).

PI3K pathway activity is enough for allowing glucose transporter translocation [20].
The AKT phosphorylation leads glucose transporters to the cell membrane, uptaking
glucose to the cells and playing an important role in peripheral tissues and brain in
T2DM [2,8]. Glucose transporters are known mainly as GLUTs that ranges from 1-14,
such as GLUT?2 that allows easier diffusion of glucose in the intestine being also expressed
in a subset of glutamatergic neurons in the hypothalamus [21], and GLUT4 that is the
most important found in adipose and muscle tissues, the largest body tissues to respond
to insulin [8]. It is well known that the regular practice of physical exercise increases
glucose transporter protein GLUT4 in skeletal muscle of animal models with insulin
resistance [22,23], and humans [2,8]. GLUT4 is the only one of its family that is not
located in the cell membrane remaining in the vesicles into the cells, and it is necessary
to activate PI3K pathway in order to facilitate AKT signaling to translocate the vesicle
until the membrane to capture glucose [23,24], and its disturbance can contribute to the
development of T2DM. Conversely, the intake of glucose into the brain is mediated mainly
by GLUT1, which is expressed in endothelial cells ensuring delivery of glucose to glia cells,
ependymal cells, and the choroid plexus, while GLUT3 is mainly concentrated in axons
and dendrites [21].
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Figure 1. PI3K pathway. Insulin is produced in the Langerhans cells of the pancreas. Insulin binds
to its receptor, which phosphorylates (p symbols) several substrates, but just two of them acts directly
in glucose metabolism (IRS-1 and IRS-2). Thereafter, PI3K molecule, which is a dimer compound by
P85 and P110 proteins, is also phosphorylated and activates AKT.

The failure in PI3K pathway activation associated with insulin resistance may occur
through different points of the pathway, as the binding of insulin to its receptor or along the
signaling cascade [8]. The hallmark of insulin resistance in PI3K pathway is the inhibition
of the insulin receptors and/or its substrates, especially the insulin receptor substrate 2
(IRS-2) and IRS-1, leading to hyperinsulinemia and hyperglycemia in the peripheral tissues,
such as in muscle and adipose tissues [2,25]. A growing body of evidence have showed
that insulin resistance can be also present in the brain and lead to the development of
different conditions and pathologies, such as cognitive decline and memory loss [26-29].

The development of T2DM can upregulate inflammation markers and contribute
to increase the production of reactive oxygen species (ROS) [30], which can react with
lipids, proteins, nucleic acids, and several other molecules [31]. The effectiveness of
physical exercise in diminishing ROS depends on the protocol adopted to the patients with
T2DM [32]. Increased oxidative stress and inflammation will contribute to the development
of insulin resistance and impaired insulin secretion [30]. Many different signaling pathways
can be changed by the production of oxidative stress; by the formation of advanced
glycation end products (AGEs); and by the secretion of pro-inflammatory cytokines [33,34].
Among the molecular mechanisms present in the pathomechanism of T2DM is important
and valuable to evaluate the role of adipocytokines.

The Role of Adipocytokines in T2DM

Adipose tissue dysfunction induces CVD through mechanisms that can be enhanced
by T2DM [35]. The adipose tissue secretes many bioactive peptides/proteins, immune
molecules and inflammatory mediators known as adipocytokines, which play important
roles in the maintenance of energy homeostasis, appetite, glucose and lipid metabolism,
insulin sensitivity, angiogenesis, immunity and inflammation [36]. Adipocytokines are
involved in the pathogenesis of T2DM [35,37]. The adipocytokines are associated with the
imbalance of glucose homeostasis include tumor necrosis factor-alpha (TNF-«), a number
of different interleukins, monocyte chemoattractant protein-1, adiponectin, and leptin,
among others [37].

There are newly discovered adipocytokines that contribute to the development of
many different pathophysiological mechanisms, such as: (a) the enhancement of asprosin
in the brain increases appetite and favors weight gain; (b) the elevation of asprosin levels
in the pancreas decreases inuslin secretion and (3 cell survival; (c) the enhancement of
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lipocalin-2, omentin-1, and asprosin in the liver influences glucose release, hepatic inflam-
mation, and lipid metabolism; (d) the elevation of the levels of lipocalin-2 and omentin-1
in the vessels also influences atherosclerosis, inflammation, and vascular remodeling [38].
Adipocytokines imbalance also contributes to the development of the pathogenesis and
clinical outcome of mental disorders [39,40]. All negative metabolic changes made by
adipocytokines imbalance can be prevented and fought by the regular practice of physical
exercise [35,37,41].

A study conducted by Jorge et al. investigated the effects of 3 different modalities of
exercise (aerobic, resistance and combined exercise) on metabolic control, insulin resistance,
inflammatory markers, adipocytokines, and tissue expression of IRS-1 after 12 weeks of
training among patients with T2DM [42]. Forty-eight patients with T2DM participated of
this study and adiponectin, visfatin, and resistin, different types of adipocytokines, among
other pro-inflammatory markers, were evaluated. All groups that underwent physical
exercise protocols presented a decrease in lipid profile. Concomitantly, physical exercise
also reduced blood pressure, fasting plasma glucose, postprandial plasma glucose, and
C-reactive protein. These results suggest that physical exercise can reduce adipocytokines
and several other pro-inflammatory biomarkers in patients with T2DM. Physical exercise
fights the negative outcomes of adipocytokines imbalance mainly through the production
and secretion of a myokine named Irisin [41,43].

3. Irisin

Named after the ancient Greek goddess Iris, who was the messenger that delivered
bad news from the gods [44], Irisin is an exercise-induced myokine that is released into the
bloodstream as the result of the cleavage from the extracellular ectodomain of FNDCS5 [45].
Schumacher et al. revealed the irisin structure and its biochemical characteristics, showing
that this myokine is a dimer composed by an N-terminal fibronectin type-Ill-like region
attached to a small C-terminal tail (Figure 2) [44,46].

Physical exercise

Figure 2. Irisin is produced by exercise. In response to exercise peroxisome proliferator, PGC-1«,
leads to the production of FNDCS5, a protein which contains an N-terminal signal sequence (green);
fibronectin III (blue); a transmembrane region (TR) (yellow); a cytosolic region with a C-terminal tail
(red). The proteolytic cleavage of mature FNDC5 results in the release of irisin, which corresponds to
the fibronectin III domain with the signal sequence being removed.
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Irisin is known for regulating thermogenesis and biogenesis of the brown adipose
tissue [47]. In vitro experiments showed that higher levels of circulating irisin improve
glucose tolerance and reduce insulin resistance [48]. In vivo experiments also showed
that irisin is elevated after an exercise protocol and reverses cognitive decline [19]. Irisin
levels are also negatively correlated with body mass index (BMI), waist circumference,
and triglycerides in humans [41]. It has been reported that irisin could be therapeutic for
CVD in T2DM [48]. Conversely, elevated plasma irisin has been reported to exist in T2DM
being associated with indices of adiposity [43]. Due to these controversial information,
understanding the molecular basis for exercise-linked irisin phenomena is, therefore, of
considerable interest in T2DM.

4. Exercise-Linked Irisin: Consequences on Cardiovascular Health in T2DM

Circulating irisin is usually decreased in individuals with T2DM [49]. Zhang et al.,
showed that exercise induces positive changes in T2DM, including increased irisin lev-
els [50]. The authors showed that exercise can beneficially impact the cardiovascular system
leading to the elevation of uncoupling protein-1 (UCP-1) expression in white adipose tissue
cells inducing conversion of these cells into brown type fat cells. The authors also revealed
that production of irisin leads to phosphorylation of p38 mitogen-activated protein kinase
(p38 MAPK) and activation of extracellular signal-related kinase (ERK), promoting an
increase in expression of betatrophin, which generates proliferation and regeneration of
beta-pancreatic cells. Increased serum levels of irisin, betatrophin and insulin were also
seen in diabetic rats submitted to high-intensity interval training, which attenuated insulin
resistance [51].

Exercise has been shown to improve insulin resistance [52], which is relevant since
insulin resistance is an important pathophysiological process in T2DM associated with
hyperinsulinemia, oxidation of fatty acids, and production of ROS, glucotoxicity and
lipotoxicity [53]. T2DM induces activation of several cytokines, such as TNF-¢, interleukin-
6 (IL-6), interleukin 1-beta (IL-1f3), growth factor-beta (TGF-3), which together lead to
vascular endothelium and myocardial inflammation, cardiomyocyte hypertrophy, change
in cell metabolism, cardiomyocyte death, fibroblasts activation and fibrosis, generating
diabetic cardiomyopathy [54].

Exercise inhibits metabolic disorders and oxidative stress [55], attenuates endoplasmic
reticulum stress [56] minimizes cardiac remodeling and improves the damage caused by
ROS in the myocardium in diabetic cardiomyopathy [57], increases the expression of nitric
oxide, improves microvessel diastolic function, promoting benefits for vascular endothelial
cell function [58].

Exercise reduces the expression of resistin and several proinflammatory cytokines
in individuals with T2DM [59]. Furthermore, exercise promotes the reduction of cardiac
fibrosis, improving myocardial function in diabetic cardiomyopathy [60]. All these ben-
eficial mechanisms induced by exercise are associated with modifications in different
molecules, including circulating microRNAs, which are post-transcriptional regulators of
gene expression [52,61]. MicroRNAs can modulate different signaling pathways through
exercise, and, therefore, contribute to the inhibition of insulin resistance in T2DM produc-
ing cardiovascular benefits in T2DM [61]. Finally, the improvement in insulin resistance
through exercise is associated with increased expression of irisin, because it improves
insulin receptor sensitization in the heart and skeletal muscle, favoring glucose uptake
(Figure 3) [62].
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Figure 3. Exercise-linked irisin: consequences on cardiovascular system in T2DM. In T2DM there
are many physiological changes that interfere with the cardiovascular system functioning like:
hyperglycemia and hyperinsulinemia; reduced circulating irisin; enhancement of ROS; glucotoxicity
and lipotoxicity; higher levels of pro-inflammatory proteins such as TNF-«, IL-6, IL-1b, TGF-§;
prevalence of white adipose tissue; vascular endothelium inflammation; myocardial inflammation;
cardiomyocyte hypertrophy; cardiomyocyte death; fibroblasts activation; fibrosis; and reduced
insulin receptor sensitization. Although, the regular practice of exercise can inhibit these outcomes
through many different ways like enhancing the UCP-1 expression in white adipose tissue cells
inducing conversion of these cells into brown type fat cells. The production of irisin also leads to
phosphorylation of p38 MAPK and activation of ERK, producing an increase in the expression of
betatrophin, which generates proliferation and regeneration of beta-pancreatic cells.

5. Exercise-Linked Irisin: Consequences on Mental Health in T2DM

The effects of physical exercise training on insulin resistance are also associated with
the prevention of cognitive decline and memory loss in both humans [63] and animal mod-
els [64]. Exercise also is capable to inhibit changes in mood and behavior in humans [65]
and animal models [66]. In this context, animal models have been very useful for the
investigation of molecular mechanisms, acute and long-term effects of exercise on mental
health in T2DM. Several different animal models submitted to exercise reveal beneficial
physiological effects, such as higher expression of PGC-1oc/FNDC5/irisin that is associated
to the improvement of inflammation and the increasing of mitochondrial membranes
proteins [67].

5.1. Exercise-Linked Irisin: Consequences on Cognitive Function and Memory in T2DM

A recent study analyzed the behavior of human cells when exposed to irisin [19].
In the in vitro experiment, the authors described several important proteins to preserve
and improve cognitive function and memory were higher in human cortical slices treated
with irisin when compared to the Vehicle group, such as cyclic adenosine monophosphate
(cAMP), protein kinase A (PKA), and cAMP-element binding protein (CREB). It has been
reported that exercise can induce central expression of BDNF and other genes involved with
neuroprotection and memory in mice [19,68]. Another recent study investigated whether
irisin could protect neurons against A3 oligomers, which are known for being the main
cause of cognitive impairment and memory loss in Alzheimer’s disease [69]. The authors
showed that irisin has neuroprotective effects on cultured neurons by regulating astrocytes.
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Decline in cognitive function and memory loss have been reported among the con-
sequences of T2DM to humans [6]. T2DM issues with memory and cognition are more
prevalent among the elderly [70]. Espeland et al., evaluated non-demented men and
women with T2DM, aged 70-89 years, who were sedentary and presented functional limi-
tations [71]. The authors reported cognitive function benefits among participants with, but
not without, diabetes. There are several studies that showed beneficial effects of exercise
on cognitive function or memory in T2DM patients, but most of them did not analyze irisin
levels in this population [72-74].

Lin et al., evaluated 133 Chinese patients, aged 45-75 years, with T2DM, where
59 patients were diagnosed with mild cognitive impairment (MCI) and 74 patients were
included as healthy-cognition controls [75]. The main findings of this study revealed that
patients with T2DM who had MCI presented significant higher levels of irisin, HbAlc, and
insulin. Intringuily, the authors showed that patients with T2DM presented a poor glycemic
control and higher plasma levels of irisin, which were correlated with cognitive decline on
these individuals. Unfortunately, the levels of physical activity were not measured among
these patients. The absence of measurement of irisin levels on the cerebrum spinal fluid
and brain areas involved with cognitive function and memory can be viewed as a strong
limitation of their results.

Regarding animal studies, Wang et al., assessed whether irisin was able to improve
memory and cognitive performance in a diabetic mouse model [76]. The authors used
8-week-old male C57BL/6 for this study. The animals were randomly assigned into
4 groups: control, control plus irisin (0.5 mg/kg/day), streptozotocin (5TZ) (150 mg/kg),
and STZ plus irisin (0.5 mg/kg/day). The authors induced a single dose of STZ intraperi-
toneally to establish the diabetic mouse model. Cortical and spatial memory were assessed
through the novel object recognition task and the Y-maze, respectively. It was found up-
regulated levels of glial fibrillary acid protein (GFAP), a biomarker for astrocytes, reduced
synaptic protein expression, and increased levels of IL-1 and IL-6. The irisin treatment
also inhibited the activation of P38, STAT3, and NF«B (proteins responsive to stress stimuli)
on the diabetic mice. Decline in cognitive function and memory was seen in the diabetic
mice, but could be avoided by irisin cotreatment.

De Sousa et al. used a resistance training protocol in Wistar rats induced to T2DM
by dexamethasone (0.5 mg/kg/day, i.p) [16]. Four weeks of high-intensity resistance
training were enough to inhibit cognitive decline by stimulating the activation of IRS-1
and reducing the activation of glycogen synthase kinase 3 beta (GSK{). A recent study
evaluated the effects of exercise on the PGC-1a/FNDC5/irisin pathway using different
models of Alzheimer’s disease, which is considered a type 3 diabetes due to the presence
of insulin resistance in the brain, in mice [12]. Mice performed a swimming training for
4 weeks. The exercised mice presented lower cognitive and memory deficits associated to
higher levels of irisin, FNDC5, PGC-1«, and BDNF in the brain. Interestingly, when the
exercised animals received an anti-FINDC5 antibody the beneficial effects of exercise on
cognition and memory were abolished. Intringuily, the plasma levels of FNDC5/irisin were
unaltered. All these findings together reveal that plasma levels of irisin are not enough to
predict cognitive decline and a more invasive technique is necessary to evaluate the irisin
levels in the brain.

The molecular mechanisms by which exercise positively influences the cognitive
function and memory in T2DM seems to involve upregulation of PGC-1«, FNDCS5, irisin,
BDNE, CREB, and IRS-1. Nevertheless, it seems to exist downregulation or maintenance of
the normal levels of GFAP, IL-1p3, IL-6, P38, STAT3, NFkB, and GSKf3 (Figure 4).
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Figure 4. Exercise-linked irisin: potential molecular mechanisms on cognitive function and memory in T2DM. Proteins
that are upregulated due to exercise in green (PGC-1c, ENDCS5, irisin, BDNF, CREB, and IRS-1); proteins downregulated
or that maintain their levels unaltered are in red (GFAP, IL-13, IL-6, P38, STAT3, NF«B, and GSKf) in T2DM. Thus,
anti-inflammatory mechanisms occur due to exercise in T2DM. These potential exercise effects are suggested to protect

against cognitive decline and memory loss in T2DM.

5.2. Exercise-Linked irisin: Consequences on Depression and Anxiety in T2DM

Depression is the most common neuropsychiatric disorder and affects millions of
people worldwide [77]. Han et al., 2019 investigated whether there could be a possible
link between energy homeostasis management and coronary heart disease patients with a
depressive-like behavior [78]. The authors found that the role of energy homeostasis in the
susceptibility to depression in patients with coronary heart disease. However, the interac-
tion between irisin and BDNF was capable to trigger the imbalance of energy homeostasis
that occurs in depression on these patients. Irisin has been used for co-treatment with
propofol in animal model (mice) to evaluate whether irisin could prevent the depressive-
like behavior [79]. The authors showed that irisin significantly inhibited the increase of
cytokines in astrocyte cultures exposed to propofol (in vitro). Irisin was also capable to
reduce significantly the depressive-like behavior in mice. Unfortunately, there are not
studies to date that have evaluated exercise-linked irisin effects on depression in diabetic
subjects or animal models induced to T2DM. Nevertheless, there is evidence showing that
exercise can prevent and treat the depressive-like behavior in diabetic subjects [80] and on
animals models of T2DM [81].

Cassilhas et al., investigated whether a resistance training protocol could inhibit the
development of an anxious profile and a depressive-like behavior in the elderly [65]. The
authors revealed that the resistance training protocol was enough to inhibit anxiety and
depression, and insulin growing factor 1 (IGF-1) at serum concentration in elderly individ-
uals. Uysal et al., also showed, using animal model (mice), that regular aerobic exercise
correlates with reduced anxiety and increased levels of irisin in brain [82]. Intringuily,
we did not find any studies to date that have evaluated exercise-linked irisin effects on
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anxiety in diabetic subjects or animal models induced to T2DM either. However, there
is evidence showing that being physically inactive is strongly associated with anxiety in
diabetic subjects [83]. Animal models of T2DM who are physically inactive also shows
the development of the anxious profile [84]. Possibly, there would be an important role of
irisin on the treatment of mood disorders, such as depression and anxiety, that needs to be
investigated in T2DM.

6. Exercise in T2DM: Types, Variables and Outcomes

It is widely known that physical activity and/or regular exercise routine are crucial
for body and brain healthy [85,86]. Physical activity can be considered as any routine of
body movement, such as gardening, that leads you to burn more calories than when you
are into a rest condition. On the other hand, a regular exercise routine includes a structured
methodology that aims to enhance muscular tone or endurance capacity [87]. Despite
the different concepts regarding physical activity and the regular exercise routine, their
outcomes frequently achieve a similar overall benefit [85,87,88]. There are many known
effects of physical activity and the regular practice of exercise, such as reducing the risk
of T2DM, obesity, Alzheimer’s disease, and other diseases and chronic conditions [85,88].
Nevertheless, the regular practice of exercise presents a higher level of complexity than
physical activity.

Exercise routine can include different types of exercise, such as aerobic (endurance)
and resistance (strength) training [87]. Exercise is prescribed based on different variables,
such as volume, frequency, intensity, and duration. Endurance training is characterized
by the execution of exercises with greater utilization of oxygen, predominant recruitment
of red fibers, also known as type I fibers, or fibers of slow contraction [87,89]. Strength
training is characterized by the execution of exercises against any external force, which
might be the individual’s body mass, air resistance, or elastic resistance, with predominant
recruitment of white fibers, also known as type I fibers, or fibers of rapid contraction [89].

According to the World Health Organization (WHO) recommendations, adults should
perform strength training at a minimum weekly frequency of 2 days [90]. Endurance
training should be performed for at least 150 min at moderate intensity per week, or
for 75 min at high intensities, at least 5x weekly [90,91]. The standards of medical care
in diabetes in 2020, published by the American Diabetes Association (ADA), adds that
endurance activity could be complemented by strength training. Thus, endurance and
strength training should be used in the prevention and treatment of T2DM [92].

Many individuals with T2DM are overweight or obese and losing at least 5% of their
body mass is needed to achieve positive outcomes in glycemic control, lipids profile, and
blood pressure management [93]. However, more intensive weight loss goals might be
necessary (i.e., 15%) in order to improve the benefits depending on need, feasibility, and
safety [94]. According to the actual standards of medical care in diabetes, individuals with
T2DM should be engaged in exercise programs, follow a healthy eating plan, take their
medications, and metabolic surgery should be also considered to achieve and maintain
weight loss goals and lower CVD risk factors [92].

A recent study evaluated the effects of moderate-intensity at different workloads
during the strength sessions in T2DM individuals [12]. The sample was composed by
40 male volunteers. There were initially two groups: nondiabetics (ND; control group)
and hypertensive diabetics (D), who were later subdivided into 4 groups, consisting of 10
individuals each, separated according to the percentage of the maximum intensity session.
The groups performed the RE protocols at 60% (ND60 and D60) or at 75% (ND75, and D75)
of the 1 repetition maximum test (IRM). The authors adopted as inclusion criteria to be a
male between 40 and 60 years old, and the participants could not be doing regular physical
activity during the last six months. The main results in this study showed that the highest
moderate intensity (75% 1RM) revealed a better glucose uptake from the diabetic group. In
addition, independently of the strength exercise intensity, the moderate exercises sessions
were well capable to reduce the blood pressure of the diabetic groups, presenting a notable



Int. J. Mol. Sci. 2021, 22, 2199

10 of 15

tendency to a better reduction in the higher strength exercise intensity. The hormonal
response after strength exercises was suitable for a good exercise recovery, mainly for
exercise performed at 75% 1RM, which resulted in an elevated indirect marker of muscle
damage. These results together indicate that acute strength exercise at 60% or 75% of 1IRM
can be used as a non-pharmacological tool to help the management of both pathologic
conditions combined (T2DM and hypertension).

The study of Lee et al. [95] investigated the effects of 12 weeks regular endurance
exercise on BDNF and inflammatory factors in juvenile obesity and T2DM. All individuals
who participated of the study were between the ages of 13 and 19 years, and there were
17 boys and 9 girls. The exercise test was conducted using a treadmill exercise test. The
protocol used involves steadily increasing the exercise level on the treadmill until the target
heart rate (THR) reaches 85% of the maximum oxygen consumption (VO2max). There were
no subjects that exhibited cardiac abnormalities or elevated blood pressure before reaching
the THR. In order to prevent accidents, participants were asked to subjectively identify the
intensity of exercise on the Borg scale of rate of perceived exertion [96]. The endurance
exercise training was conducted for a total of 40-60 min per session, 3 sessions a week,
for 12 weeks. Each session was preceded and followed by a 5-min warm up and cool
down, respectively. The main findings in this study revealed that the juveniles with obesity
and T2DM exhibited reduced levels of resting neurotrophic factors, such as BDNF and
its receptor (TrkB) at baseline, but after the 12 weeks of endurance exercise, there was a
significant increase in the BDNF levels. Thus, we suggest that acute or chronic programs of
endurance or strength exercises can positively contribute to the improvement of the general
health of T2DM individuals, and lower the risk of CVD or developing mental health issues.

There is another type of endurance training that is quite new if compared to the
regular usage of endurance training, and has been very used to prevent or treat pathologies
using human and animal models that is the high-intensity interval training (HIIT) [97,98].
HIIT consists in short sessions of intermittent endurance bouts, which is performed with an
“all-out” effort and/or adding a lighter recovering period from each single bout [99,100].
HIIT volume is usually 90% lower than what is commonly used at endurance training,
and also the time spent to perform the entire HIIT session is, often, 75% shorter [100].
Mendes et al. recently compared the acute effects of HIIT versus moderate-intensity
continuous training (MICT) on glycemic control in middle-aged and older patients with
T2DM [101]. Fifteen patients with T2DM, who were volunteers to participate of the study
(60.25 £ 3.14 years; glycated hemoglobin 7.03 & 0.33%; medicated with metformin and/or
gliptins), were inserted into a randomized controlled crossover trial. The participants
underwent 3 different experimental conditions (treadmill walking HIIT session (5 x (3 min
at 70% of heart rate reserve (HRR) + 3 min at 30% HRR)); treadmill walking MICT session
(30 min at 50% HRR); and a control session of rest (CON)) in random order and in the
postprandial state. The authors found that treadmill walking HIIT seems a safe and more
effective exercise strategy on immediate acute glycemic control compared with MICT in
middle-aged and older patients with T2DM under therapy with metformin and/or gliptins.
Nevertheless, we suggest that HIIT needs to be tested in different conditions involving
T2DM individuals before starting a routine to this special group.

Physical inactivity is associated with deleterious health outcomes, such as the worsen-
ing of T2DM, increased blood pressure, and many others [10]. Despite of existing massive
evidence that a single bout of endurance or strength exercise is capable to improve glycemic
profiles in individuals with T2DM [102], we did not identify any studies in scientific litera-
ture that have evaluated acute effects of the both types of exercise on memory. Thus, there
is a lack of research studies involving acute effects of endurance and strength training,
and also the long-term effects of the strength exercise on memory of subjects with T2DM.
The common sense about chronic endurance and strength training recommend both types
of exercise to T2DM individuals [103]. Nevertheless, it is also important to remind when
looking to exercise variables, such as the type of exercise (resistance or endurance), fre-
quency (acute and chronic protocols), volume (low, moderate, high), duration (period of
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time of each session) and intensity (low, moderate, high) should influence and present
different results [104-106]. Regarding the usage of animal models to evaluate different
exercise-linked irisin benefits, we suggest that exercise protocols, independently of being
endurance or strength training, must be adapted according to the specie, metabolism and
life span of the animal [29].

7. Conclusions

Exercise-linked irisin is associated to a better cardiovascular health and improvement
of the cognitive function and memory in T2DM subjects, and also in animal models induced
to T2DM. The gap in scientific literature towards exercise-linked irisin to consequences
on depression and anxiety in T2DM urges to be investigated. Exercise-linked irisin is
a promisor target to investigate the molecular mechanisms about how exercise changes
cardiovascular and brain function in T2DM and many other pathologies.
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